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ABSTRACT 
 
This project sought to further the Illinois Sustainable Technology Center’s (ISTC) stated goal of 
reducing a billion gallons of water waste in the state of Illinois. This reduction can be directed in 
part at water utilities that transport billions of gallons from treatment and supply facilities to the 
customer through aging pipelines. Utilizing an advanced leak monitoring technique, this project 
has achieved measurable water savings in a water distribution system in less than a year, and has 
demonstrated the potential for significant water savings for other water systems. An economic 
analysis of the costs and benefits of the system has been provided to offer guidance to aid 
utilities considering this technology. 
  
This pilot project sought to quantify the reduction of infrastructure leakage using active acoustic 
monitoring. The installation of advanced correlating continuous acoustic monitoring (correlating 
CAM) technology alerted the utility to water leaks close to the moment they started, rather than 
after they surfaced. A key to effective monitoring is the metering of the system supply to 
quantify leakage and determine the extent of non-revenue water losses. The economic analysis 
includes not only water production cost savings, but also identifies secondary benefits including 
projected reduction of overtime due to leak repair and damage caused by leaks. Because the 
system was put in place within 60 days of the start of the year-long project, there was sufficient 
time (including fall and winter months, when leaks are most prevalent) for leak equipment to be 
assessed and savings to be identified.  
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EXECUTIVE SUMMARY 
 
OBJECTIVES  
The objectives of the project were as follows: 
• Provide a demonstration of the workability of an advanced correlating acoustic 
monitoring technology to effectively reduce water leakage in a water utility network.  
• Evaluate the full financial benefits associated with the technology and provide a cost 
model to evaluate the expanded costs and benefits of operating such a system. 
• Provide a forum for utility operators in Illinois to be made aware of the technology and 
the cost/benefit analysis through a workshop to discuss the technology and illustrate the 
cost model.  
 
BACKGROUND 
Utility water pipes leak and the aging pipe infrastructure is certain to make leakage control a 
vital element in water system management. A cost analysis has been provided in this report that 
will enable utilities to assess the benefit of finding individual leaks before they surface. The high 
cost to replace or rehabilitate aging pipe often far exceeds the cost of frequent leak repairs; it is 
less expensive to maintain the old than install the new. The precise location of future water leaks 
is unpredictable. There is not necessarily a direct correlation between pipe age and failure rate, 
and predicting weak points where the next failure will occur is impossible without employing 
costly condition assessment techniques.  
 
The utility selected for the test, Illinois American Water, operates numerous water systems in the 
state including water supply priority areas (northeastern Illinois, east-central Illinois, and 
southwestern Illinois), which have been identified on the basis of limited water supply and 
projected growth (ISWS, 2006). Like other water utilities, Illinois American Water faces the 
issue of managing water loss. In 2013, Illinois American Water generated and purchased a net 
43.4 billion gallons of water, of which 35.6 billion gallons were billed to customers. It is thought 
that 87% of the remaining 7.8 billion gallons of non-revenue water (NRW) is attributable to 
leakage. In 2013, the NRW water in the system studied in this project was 15 million gallons. 
Not all non-revenue water is leakage; some unsold water is used productively to flush and fill 
water lines and fight fires. Other NRW includes water lost to theft or inaccurate metering. Like 
other utilities, American Water seeks cost-effective ways to reduce non-revenue water with a 
focus on leakage. As is standard practice, the utility quantifies NRW by computing the difference 
between total meter water supply and the aggregate of customer-metered consumption on a 
periodic basis. This trial also provided the opportunity to employ a technique of examining 
minimum night flow that is used to estimate changes in leakage on a regular basis.  
 
While the public is most aware of the spectacular leaks that flood streets or send water dozens of 
feet into the air, it is often the leaks that do not readily surface that have a greater impact on the 
NRW of the water utility. To find such leaks, utilities can choose between passive or active 
approaches. The passive approach is simply to endure losses from non-surfacing leaks and wait 
for them to surface and then respond. This approach is done most often when the cost of water 
loss does not offset the cost of active approaches. For systems with few hidden leaks or very 
low-cost water, this passive approach can be an appropriate strategy. But many systems 
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experience leaks that take weeks or months to surface or have water that is either expensive or 
scarce. As a result, many utilities should consider an active approach of undertaking periodic 
leak surveys of the water system.  
 
The science of finding leaks by listening for leak noise was developed over many years, 
beginning with manual methods and developing into today’s sophisticated electronic devices. In 
2005, American Water helped to initiate a first-of-its-kind listening system to address leakage 
and called it continuous acoustic monitoring (CAM). The process involves placing sensors 
throughout a water system that “listen” for the vibrations emanating from water leaks and carried 
by the pipe. The sensors are programmed to listen every day and report even the quietest sound 
through a sophisticated communication network. The network that communicates the 
information to the utility is an advanced metering infrastructure (AMI), the same system that 
transmits water meter readings daily. Today most AMI systems have some capacity to transmit 
acoustic monitoring information. American Water received funding from the Water Research 
Foundation to study results from this first system over three years (2006-2008). The system 
studied was a network of mostly aging pipe serving 5,000 customers in southwestern 
Pennsylvania. The results of the study documented the favorable results of the approach in 
reducing leakage and identifying non-surfacing leaks faster, which lowered the cost of repair 
when the leaks were quickly identified. However the study also pointed to deficiencies in the 
system, including the difficulty in separating true leaks from other sounds such as mechanical 
and electrical equipment, and the inability to detect leaks where plastic pipes, often used in 
repairs, were present.  
 
The leak detection industry accepted the challenge and has made advances to overcome these 
issues. One way that non-leak noise (false positives) can be eliminated is through a technique 
known as correlating. With this technique, two sensors on either side of the leak can listen for the 
leak noise simultaneously. Using information about the size and material of the pipe, an accurate 
location of the leak can be provided and extraneous noise eliminated. This technique requires a 
communication system that works two ways: (1) sending data from the sensors, and (2) 
instructing the sensors to listen. Two-way communication is also needed to set the time on the 
sensors precisely, as simultaneous correlation requires millisecond accuracy. The issue of 
listening for leaks passing through plastic has been addressed with new technology as well. 
Cement and plastic pipes emit subsonic noise, but the sensitivity of sensors has overcome the 
problem. However, plastic still does not transmit vibration as well as metallic pipes.  
 
APPROACH 
With only one year to install and test the acoustic monitoring system, Echologics (the company 
chosen to supply the sensors) worked quickly to fabricate and install prototype sensors in 
selected fire hydrants in the Waycinden district of Des Plaines, Illinois. The devices are housed 
in modified hydrant caps and installation was relatively rapid. The Waycinden system contains 
over 130 hydrants and, based on the range of the sensors, 79 correlating CAM units were 
installed in September, 2014. The system took about a week to normalize and build a reasonable 
history on background noise before the system was fully ready to detect leak noises and perform 
the correlations on suspected targets. 
The communication devices that relay the acoustic information were also housed in the hydrant 
caps. The devices work like a mesh network, relaying information to powered repeaters (if 
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needed) and on to primary collectors placed on top of the Linneman Road standpipe and the 
Mount Prospect Street Tank building at the ends of the Waycinden system. Cellular 
communication forwarded data from the collector to the Echologics office near Toronto, Canada. 
Echologics managed the analysis of data during the project, but American Water staff accessed 
the data to evaluate the utility-managed option. The system is also currently in place at the 
Charleston district in West Virginia where American Water staff maintains the system. Results 
from the Charleston system have been impressive and are attached to this report in Appendix C.  
 
RESULTS 
As expected, especially with a cold winter, there were a number of leaks during the September 
2014 - June 2015 study period. In all, 13 leaks occurred in the ten-month period, which was 
about the number anticipated. The majority of leaks in the winter were primarily breaks around 
the full circumference of the pipe, which was similar to the pattern observed for past leaks but 
were more numerous in this winter. It was suspected that these circumferential breaks would 
surface rapidly and that is what occurred. These leaks were not expected to be detected by the 
Echologics system if they began surfacing and were repaired before the sensors ran their nightly 
check. What was not expected was the behavior of the corrosion leaks, which were fewer in 
number than expected. With one notable exception, these leaks also surfaced rapidly. This means 
that the Echologics system had few chances to detect leaks that ran underground. Consequently, 
the economic case for the installation of the acoustic monitoring systems for a five-year program 
was not strong based on the initial study period. 
 
The Echologics prototype system had issues that became apparent after the installation. A 
software issue led to the rapid consumption of batteries in at least 12 of the 79 units. Some of the 
battery issues coincided with periods of leaks and prevented some opportunities for initial 
detection. However, Echologics did restore some units during an interim period and confirmed 
that the units, if energized, would have detected leak noise. Ultimately, the prototype units were 
completely removed in January and February of 2015 and replaced with the marketed version 
that remains in operation. This led to a one-week delay in our ability to detect leaks, as the units 
are not activated until they have some time to gauge background noise.  
 
CONCLUSIONS 
It would appear that the leak noise correlating system is workable. Several problems occurred 
with the original prototype, but it is possible that over a longer working period the system may 
prove successful in the study location. Echologics verified that noises from undetected leaks 
were either detected by other units or would have been detected by a working unit. The use of 
SCADA (supervisory control and data acquisition) data to look at night volume confirmed that 
no significant leaks ran for any length of time in the system during the study period. 
 
Since only one leak ran undetected for a prolonged time during the study period, the 
overwhelming conclusion was that there was no significant opportunity for major savings, at 
least from this system. Consequently, adopting a system of this type cannot be justified – at least 
on the basis of the ten-month study period. Historical records indicate that there are usually a 
higher number of corrosion (pinhole) leaks than the number that was observed in the study 
period. But it is not clear if these lower-level types of leaks would have found their way to the 
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surface or not. It is noted that a significant number of mains are located in grass or sidewalk 
areas where it is easier for the pressurized water to run to the surface. An important consideration 
when considering an acoustic monitoring system is whether leaks (even frequent leaks) tend to 
remain hidden for a significant length of time. 
 
RECOMMENDATIONS 
American Water has observed in this and two other locations that the Echologics detection 
system is very good at detecting leaks where working correlating units are on either side of the 
leaking pipe. Consequently, it is recommended that utilities with leaky systems consider this 
technology. The selection of the study location in Illinois was primarily based on reports of 
numerous leaks and the high cost of water in the Waycinden system. What was not accounted for 
in the initial analysis was that many leaks in the system did surface rapidly, which impacted the 
results. So, it is further recommended that utilities understand the likelihood for leaks to remain 
undetected for extended periods. First, for systems where leak response time is very good, NRW 
should be relatively modest, owing to the relative absence of long-running leaks. Second, 
working knowledge of the location of water mains offers a significant clue. The Waycinden 
system was installed in the early 1960s which coincides with the time when water mains were 
beginning to be installed near the curb, rather than in the middle of the road. Roadways and good 
drainage are often cited as the cause for leaks that remain hidden. This was not the case in this 
study area.  
  
It is recommended that utilities employ economic analysis to evaluate whether a sophisticated 
acoustic monitoring system might be effective. Although the economic analysis did not provide 
the expected outcome for a system with high water costs, acoustic monitoring can be a valuable 
tool for water utilities. An evaluation mechanism should consider water waste, repair costs, and 
damage related to long-running hidden leaks. It is hoped that this document will assist utilities in 
making this evaluation. 
 
 1 
CHAPTER 1: INTRODUCTION  
 
1.1 BACKGROUND 
Utility water pipes leak routinely and, given the aging pipe infrastructure commonly found, leaks 
will likely increase in frequency. The cost to replace or rehabilitate aging pipe is often far greater 
than the cost of repairing leaks; it is less expensive to maintain the old than install the new. 
Consequently, the management of leakage is a vital part of water utility operations. But 
predicting the precise location of the next water leak is largely impossible. Pipes do not fail in 
the order of their age, and the weak points that are susceptible to leaks are difficult to find 
without employing costly assessment techniques.  
 
The Illinois Sustainable Technology Center has recognized the value of water and the losses that 
result from a variety of causes, including physical and human factors. The grant they provided 
allowed American Water to perform and report on a pilot project, testing an advanced leakage 
control strategy for water utilities. 
 
The American Water Works Association (AWWA) Water Loss Control committee is the primary 
AWWA group looking to reduce water waste; their goal is aimed at water utility performance. 
The AWWA manual on Water Loss Control has adopted the four key leakage control approaches 
as outlined in Figure 1.1 (Pearson, 1995). Active leakage control, shown by the blue arrow on the 
right side of Figure 1.1, was the focus of this project. 
 
 
 
 
 
 
 
Figure 1.1 Methods to reduce leakage (Pearson 1995). 
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Illinois American Water operates numerous water systems in the state (Figure 1.2), including 
northeastern Illinois, east-central Illinois, and southwestern Illinois, areas which were prioritized 
for limited water supply and projected growth. Like other water utilities in the region, Illinois 
American Water faces the issue of managing water loss. In 2014, Illinois American Water 
generated or purchased more than 43.4 billion gallons of water, of which nearly 35.6 billion 
gallons were billed to customers. The remaining 7.8 billion gallons is termed non-revenue water 
(NRW); a portion of this NRW is used productively to flush and fill water lines and fight fires. 
Other NRW includes water lost to theft or inaccurate metering. However, approximately 6.8 
billion gallons, or 87%, of NRW is thought to be lost to leakage. Similar to other utilities, 
American Water seeks cost-effective ways to reduce NRW with a focus on leakage. Per AWWA 
practice, American Water quantifies NRW by comparing total monthly meter water supply to the 
aggregate of monthly customer metered consumption in small systems such as the location of 
this project: the Waycinden subdivision in Des Plaines, a suburb of Chicago, Illinois. 
 
 
 
 
 
 
 
  
Figure 1.2 American Water systems in Illinois (shown in green). 
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The science of finding leaks by listening for leak noise has developed over many years, 
beginning with manual methods and advancing into today’s sophisticated electronic devices. In 
2005, American Water helped to initiate a first-of-its-kind listening system to address leakage 
and called it continuous acoustic monitoring (CAM). The process involves placing sensors that 
“listen” for the vibrations from water leaks throughout a water system. The sensors listen every 
day and report the sound through the sophisticated communication network that currently 
transmits water meter readings daily. Today, most Advanced Metering Infrastructure (AMI) 
systems have some capacity to forward acoustic monitoring information.  
 
Previously, American Water received funding from the Water Research Foundation of Denver, 
Colorado, to study results from this first CAM system over three years (2006-2008), following 
the 2005 installation (Hughes, 2010). The study area was a network of mostly aging pipe serving 
5,000 customers in a river valley in southwestern Pennsylvania. The results of the study showed 
potential in terms of reducing leakage and identifying non-surfacing leaks faster, while lowering 
the cost of repair when leaks were quickly identified.  
 
However, the first CAM system was not fully effective: a large number of false leads caused by 
other noise sources were encountered, leading to some fruitless searches. Equally troubling were 
occasions when the sensors were unable to hear leaks that occurred in plastic pipe found in many 
repairs. Subsequently, American Water has continued to encourage the industry to make 
improvements in continuous acoustic monitoring technology.  
 
Since that time, American Water has tested new enhancements developed by vendors to 
overcome CAM deficiencies. Past research included the testing of a monitoring system from a 
German company, Gutermann, in the Valley View system of the Illinois American Metro 
Chicago district starting in 2008 (funded by the vendor and American Water). The system 
introduced a technique known as correlating continuous acoustic monitoring (correlating CAM) 
into the process. Correlation uses two or more sensors working together. Portable units have 
been used for decades to pinpoint leaks in the field. Like the portable correlation units, sensors 
are positioned on either side of a suspected leak area but within reasonable distance of each 
other. Both units are instructed to listen to a leak at exactly the same time. The time for the sound 
of a leak to travel between the two sensors allows the leak’s location to be triangulated. Figure 
1.3 illustrates how portable units are used today to pinpoint suspected leaks. 
 
Correlation can confirm with high confidence that the leak exists and provide a fairly precise 
location of the leak as a function of distance between the two sensors. Correlation requires two-
way AMI communications, allowing the sensors to be carefully synchronized and to issue the 
command to the sensors to correlate. The Gutermann system functioned but was very expensive 
and still experienced some missed leaks. The cost of the system could not be justified.  
 
In 2010, American Water agreed to work with Echologics on a project funded by the Canadian 
government to build a better leak-detection device. Pennsylvania American Water systems in 
southwestern Pennsylvania were selected to “alpha” and “beta” test the developing product. The 
alpha test in Uniontown, PA began with primitive version of the device to evaluate and develop 
the acoustic monitor components. It took several years for the product to evolve from concept to 
prototype to a final product complete with software. Like the Gutermann device, it is a 
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correlating CAM system. The beta prototypes were first tested in Liberty, Pennsylvania, and 
closely resemble the final version of the product. These prototypes were then installed in the 
Waycinden subdivision in Illinois for the ISTC project, a few months before the first 
commercially available product was manufactured. Some of the changes made between the beta 
monitors installed in Waycinden and the finished product came as a result of this project and are 
reported here. 
 
A leak identified remotely from the Toronto office of Echologics in the beta test site of Liberty, 
Pennsylvania, demonstrated the potential of the system to be piloted for the ISTC project. 
Although monitored flow at night suggested that there were no significant leaks in the Liberty 
distribution system, Echologics determined that there was a leak between two monitors. The leak 
was not initially detected by on-site listening devices; although on-site correlation confirmed a 
leak in the area, microphones in contact with the road surface over the pipe failed to confirm the 
leak for two weeks. By the third week, the software indicated the noise continued to persist and 
was growing louder, so Echologics dispatched their best technician and American Water agreed 
to excavate the dimly heard suspected leak location. The leak matched the correlation of both the 
CAM system and the field correlation. Figure 1.4 shows the crack in the bottom of the excavated 
pipe. The location of the crack and the porous soils inhibited such a leak from surfacing; in fact, 
the top of the pipe was dry when initially excavated. 
 
The location of the leak at the bottom of the pipe, coupled with the water pocket formed 
underneath, minimized the transmission of the leak noise to the ground surface. It is both the 
experience of our leak detection specialists and those around the world that a leak such as this 
might run undetected for months, leading to the pipe’s eventual rupture under pressure, and 
resulting in a large flow with significant water loss.1 This find likely saved the system from 
losing about half a million gallons of water. 
 
 
 
 
 
 
                                                 
1 Farley, M. and Trow, P., 2003, Losses in Water Distribution Networks, IWA Publishing, London, UK  
Figure 1.3 Correlation method and calculation 
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Within American Water there are a number of technicians capable of interpreting and operating 
the acoustic monitoring system. The ISTC project in Waycinden exposed the Illinois American 
Water operations personnel to the value of both analyzing night flow and utilizing the Echologics 
correlating CAM system. 
 
1.2 OBJECTIVES 
 
The objectives of this project were as follows: 
• Provide a demonstration on the workability of an advanced correlating acoustic 
monitoring technology to effectively reduce water leakage in a water utility network.  
• Evaluate the full financial benefits associated with the technology and provide a cost 
model to evaluate the expanded costs and benefits of operating such a system. 
• Provide a forum for utility operators in Illinois to be made aware of the technology and 
the cost/benefit analysis through a workshop to discuss the technology and illustrate a 
cost model.  
  
The leaks identified to date at the alpha and beta locations are a small sample size and both the 
manufacturer and American Water understand the value of additional test locations and finding 
other types of leaks on various pipe materials. Echologics was a willing participant, owing in 
part to the challenge of a typical Chicago suburb with broad well-travelled highways over pipes 
more than 50 years old.  
 
American Water utilized the research opportunity to further examine the economics of the early 
identification of leaks for this product and to assess the product for use in other systems based on 
the enhanced performance of this CAM system. This knowledge can be shared with other 
American Water systems and utilities in Illinois. It is essential to examine leakage control 
processes in financial terms. Reducing leakage by water utilities is an excellent but complex 
Figure 1.4 Cracked pipe from Liberty, PA. Leak found by acoustics. 
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goal. It would not be practical for a utility to invest $50,000 to purchase a leak detection product 
when the net savings over a traditional reactive approach was only $2,500 annually, over the 
eight year life of the product. The economic value of this CAM system would be improved if it 
could be shown to be highly reliable and extremely fast in recognizing 90% of leaks.  
 
The Illinois American Metro Chicago district consists of 24 separate systems where the cost to 
produce water is under $50 per million gallons in 10 groundwater systems, but well over $2,500 
per million gallons in 14 systems where water is purchased (e.g., the Waycinden system). The 
selection of the Waycinden system in Mt Prospect, Illinois, was likely to be cost effective 
because of the high cost of water there. Typically, a water utility generates its own water from 
treatment facilities, and water tends to be even less expensive with groundwater sources. 
However, the Lake Michigan-sourced water in Waycinden is purchased by Illinois American 
Water via an adjacent water utility and serves 750 customers. Consequently, systems like 
Waycinden with a relatively significant NRW (about 20%), combined with the higher cost of 
water, are considered the best targets for CAM.  
 
One of the major drivers for water main replacement is customer dissatisfaction when major 
breaks occur. These can result in interruption of traffic, loss of in-home water supply at 
inconvenient times, or notifications that customers must boil water until it is tested to be safe for 
consumption. If early detection means leaks can be repaired quickly with less damage and 
inconvenience, customer tolerance for interruptions will be higher and satisfaction will increase. 
This was not an economic consideration for a project of short duration (e.g., the Waycinden 
project, which ran for ten months), but should be accounted for to improve long-term water 
utility pipe management. It is not unusual for pipes to have only a few isolated weak spots that 
fail, rather than uniform failure throughout the entire pipe. In such cases, the quick repair of the 
selected weak spots may allow the pipe to remain in service for a longer period. 
 
In 2014, the Waycinden water system experienced non-revenue water loss of over 18 million 
gallons; it was anticipated that up to 5 million gallons could be saved in the 10-month study 
period. Given that some leaks appear to run undetected for an extended period while others do 
not, several interesting questions concerning the evolution of leaks in this system were 
addressed:  
• What proportion of leaks evolve slowly vs. erupt rapidly?  
• Do most high-flow leak events develop quickly, meaning they cannot be eliminated by 
correlating CAM? Or, if high-flow leaks evolve slowly, can the pipe be excavated at an 
early stage to detect clues to a larger failure? 
• What percentage of leaks would the correlating CAM locate in advance? This was of 
interest to the vendor, Echologics, in particular.  
• What is the best strategy to conduct a review of data and field investigations – e.g., what 
are the best times to collect data, and with what frequency?  
 
The correlating CAM system is expected to transmit data for a minimum of five years. In 
previous projects, the research began only after an initial “break in” of the acoustic monitoring 
system. That is, data collection had to be delayed until initial installation problems were resolved 
and until long-standing unattended leaks were identified and repaired. The Waycinden pilot 
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project tested both initial leaks as well as how leaks continued to occur in a distribution network 
after a leak survey and the equipment from day one.  
 
An opportunity provided by the correlating CAM technology that was not explored in this small 
pilot was the potential to track the sound pattern of a leak from start to repair. Knowing the start 
date of many leaks might permit better analysis of leaks in relation to external causes or triggers. 
Trigger factors include water temperature, pressure surges, and soil moisture. The CCAM 
technology offers the ability to follow the acoustic pattern of water main leaks as they change 
with time. Because the leak repair process included estimating leak flow at the time of repair, it 
might be possible to match the monitored leak frequencies to type of pipe and type of flow. 
However, the emphasis in the pilot project was to minimize NRW and make rapid repairs rather 
than study how leaks change over time. 
 
While this research opportunity provided useful insights, it remains a case study in many 
respects. The aging infrastructure in the Waycinden study area may not be entirely representative 
of the average water utility. The Waycinden system is largely supplied through an adjoining 
municipal system that gets its water from the City of Chicago; many systems have their own 
supply that costs considerably less to produce. Waycinden uses modest pumps to deliver the 
water, so stresses from pump operations may be atypical. There are no major extremes in 
pressure in the system. The preponderance of ductile iron mains installed in the 1960’s has led to 
discernable corrosion issues in recent years. Corrosion leaks were expected to be the source of 
hidden leaks, rather than sudden cold weather breaks. 
 
Although this research should be viewed as a case study, some comments on the use of 
correlating CAM will apply to other water utilities. When the prevalent form of leakage for a 
utility is in the form of low-level non-surfacing leaks, the correlating CAM system appears to be 
appropriate. In order to be successful with correlating CAM, utility staff need to monitor for 
leak-probable sites, conduct field investigations, and follow through with repairs in a timely 
fashion.  
 
Communicating information is part of the project. American Water coordinated with ISTC to 
disseminate the findings from this research. In addition to this report, presentations and a 
webinar were made2. As is the common practice of American Water researchers, the information 
will be communicated to an even broader audience at national conferences and workshops. This 
includes a successful abstract submission for a presentation at the AWWA annual conference in 
June 2016 in Chicago.  
                                                 
2 Results presented at ISTC’s Sustainability Seminar Series on November 5, 2015. Seminar can be viewed at 
http://www.istc.illinois.edu/about/SustainabilitySeminar20151105.cfm 
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CHAPTER 2: METHODOLOGY 
 
2.1 EQUIPMENT SELECTION  
American Water identified the potential of Echologics as a developer of acoustic monitoring 
equipment in 2009 when most other vendors were struggling to make significant improvements 
in this technology. Echologics was well known for the leak detecting equipment it manufactured 
for plastic pipe and large transmission mains. American Water was one of the major participants 
in the development of the equipment, which was made possible through a grant from the 
Canadian government. Echologics was in discussion with Mueller Co., who used communication 
equipment for meter reading in fire hydrants. Ultimately, Mueller purchased Echologics and 
directly assisted in the development of the Echologics software. When American Water became 
aware of the funding mechanism from the Illinois Sustainable Technology Center, the project 
grant was immediately pursued. The Metro Chicago district of Illinois American Water had 
experience working with another vendor’s acoustic monitoring system in the Valley View 
system in 2008.  The conclusion was that the expense of the equipment demanded a periodic 
movement of the sensors which proved unsatisfactory.  The units and software were not fully 
effective.  . Results from the first Echologics prototype or “alpha” test in Uniontown, 
Pennsylvania, showed more promising results. The second or beta test in Liberty, Pennsylvania, 
used a model not unlike that installed initially for this project.  
 
2.2 INSTALLATION OF EQUIPMENT  
Illinois American Water provided Echologics with a GIS map of the project area in advance of 
the project start to strategize placement of acoustic monitoring units and estimate the quantity 
and costs of units. Immediately upon receiving the grant award, Echologics began work to 
fabricate and install sensors (Figure 2.1) in selected fire hydrants in the Waycinden system with 
field assistance from Metro Chicago staff. The original sensors were installed by August 29, 
2014. The devices are easily set in replacement hydrant caps with threads that allow installation 
in a wide variety of systems. The Waycinden system contains over 130 hydrants and, based on 
the range of the sensors, it was decided that 79 CCAM units would be adequate. The 
communication device that relays the acoustic information is also housed in the Echologics-
provided hydrant caps. The communication devices in the hydrants work like a mesh network, 
relaying information to the two primary collectors. The initial budget had anticipated a single 
collector to be placed on top of Waycinden’s Linneman Road standpipe, pictured in Figure 2.2. 
The propagation study performed by Echologics determined that a second collector was needed 
to forward data from the hydrant sensors; the second collector and two repeaters were placed on 
top of the Illinois American Water Mount Prospect tank and pump station. Cellular 
communication forwarded data from the collectors to the computers in the Echologics office near 
Toronto.  
 
The acoustic monitoring units initially installed were prototype (beta) units. In 2014, Echologics 
was very interested in how various leaks appeared acoustically using their four-in-one hydrant 
sensor and new analytics technology. Echologics performed daily monitoring of the data in 
Waycinden. The Echologics field staff also made site visits to check on equipment and leaks as 
they were discovered. 
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Due to equipment failure described in Chapters 3 and 4, all prototype units in the Waycinden 
study were replaced with improved second-generation units by February 10, 2015. Data collected 
before and after the replacement are included in this report. The new units had improved 
reception ability and corrected the software issue that ran down some of the batteries.  
 
In the Waycinden test, Echologics monitored the data, checking for leaks on a daily basis (with 
success). Essentially, the software dashboard (Figure 2.3) highlights nodes with leaks within 
500-1,000 feet of the sensor and calls them points of interest (POI). The system can then be 
instructed by the user to correlate data from the sensor with the most significant leak indication 
and adjacent units. This action helps to pinpoint the leak between two units. The software has a 
visual feature to display how sound changes at a particular location (by frequency and strength) 
Figure 2.1 Acoustic sensor inside hydrant cap. 
Figure 2.2 Linneman Road standpipe, Waycinden, Illinois. 
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day to day. When a leak is suspected, the software graphically records the leak noise correlation 
for view. The software also provides for notes to be added by the user. Echologics managed the 
analysis of data throughout the project, although American Water staff received training and 
gained access to the data in the last two months of the project.  
 
 
 
 
 
 
 
  
Figure 2.3 Echologics software display screenshot. 
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2.3 SYSTEM VERIFICATION OF NON-REVENUE WATER 
American Water typically measures non-revenue water (NRW) using the traditional 12-month 
rolling averages calculation, which looks at the volume difference between water production and 
metered sales. A 12-month rolling average essentially looks at the difference between 12 months 
of water purchases and production and 12 months of water usage (in this case billed use based on 
customer meter readings in the same 12 months). Water purchases and production are tallied at 
the end of each month. However, meter readings occur at various times during the month, 
creating a lag in the data. The premise is that a lag of a few weeks is modest in comparison to a 
12 month calculation. Nevertheless, it is far from an ideal way to evaluate water loss.  
 
Night flow proved to be a useful indicator of NRW loss for this project. Night flow monitoring is 
employed as part of the international method for assessing leaks using district metering areas 
(DMA).3 All small systems like Waycinden, or portions of a large system, can be metered 
around the clock. For the most part, Waycinden currently imports its water supply from a local 
water purveyor, after relying on wells for several years. The imported water is pumped as needed 
to maintain appropriate tank storage in the elevated Linneman standpipe. 
 
Water use in the Waycinden system can be measured at any given time using a meter (Figure 
2.4) to quantify the water pumped into the system plus any reduction in storage volume. 
Tank storage levels are also monitored through SCADA (supervisory control and data 
acquisition). American Water modified the system monitoring process to examine only the 3 AM 
to 4 AM period when pumps were usually inactive and when consumption is low and reasonably 
constant from night to night. With pumps off, only the change in storage needed to be monitored. 
 
 
 
 
 
  
                                                 
3 AWWAWater Loss Control Committee, Applying Worldwide BMPs in Water Loss Control, JOURNAL AWWA, 
August 2003.  
Figure 2.4 Master meter tracking flow into system from adjoining utility interconnection. 
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The change in storage approach had worked in the beta study area in Liberty, Pennsylvania, 
where operations were modified so that the system supply feed from a control valve was closed 
and tank storage was the only supply at night. The majority of data points from 3 AM to 4 AM in 
Waycinden suggested that tank storage change could be relied upon to measure night flow 
(Figure 2.5). Night flow monitoring served to demonstrate how effectively water loss was 
reduced by examining the lowest hour of consumption in the middle of the night when metered 
demand is predictably minimal. The researchers looked at changes in night flow over time; any 
sustained increase would suggest that a non-surfacing leak might be present. The night flow data 
could also be used to help quantify the size of ongoing identified leaks. The net difference 
between the master metered system flow the night before and the night after the repair provided a 
reasonable estimate of large leaks. Leaks were conventionally estimated on-site by a formula 
using two factors: the working pressure, and the size of the opening in the pipe. 
 
The SCADA link was successful in providing pertinent information about flow into and out of 
the Waycinden system. Calculations were made for night flow using the most accurate times 
when pumps were off to avoid any calibration issues with rate of flow from pumping. On many 
nights each week pumps were off and tank elevation change was the only “consumption.” The 
researchers used a period of zero known leaks to establish baseline night flow calculations. 
 
 
 
 
 
 
  
Figure 2.5 Schematic of Waycinden system showing sources of supply and storage layout. 
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2.4 HISTORIC ANALYSIS OF SYSTEM BREAKS 
Leak break data was provided by Illinois American Water from January 2011 through August 
2014 to help identify the types and nature of leaks experienced in the system. (The data is 
summarized in Appendix A-2.) There were 44 leaks in those 44 months. The leaks were of two 
primary types and mostly occurred on 50-year old 6” cast-iron mains that are prevalent in the 
system. The common breaks that happened throughout the year were corrosion-related, and 
identified as pinholes, corrosion holes or, if the hole becomes large enough, blowouts of the pipe 
(23 cases). The other type of breaks – circumferential breaks – were common only in colder 
weather (18 cases), and are believed to be associated with thermal (freezing) stress on the pipes 
themselves and on surrounding soil. A third type – longitudinal breaks along the length of the 
pipe – was uncommon and may have been corrosion-related or impacted by traffic load (3 cases). 
It is also possible for breaks to occur on service lines, connections, valves, or hydrants. 
 
The average leak in the system took the water main out of service for leak repair for over three 
hours and typically impacted over a dozen customers. The most severe break over the 44-month 
period left 24 customers without a pressurized water supply for nine hours. There were 11 leaks 
that lost water at a rate of 100 gallons per minute or more, including two at 500 gallons per 
minute. About half of the breaks occurred during overtime (after 4 PM and before 6 AM), based 
upon reports showing when water service was interrupted. Seven of the forty-four breaks were 
repaired on weekends or holidays. Most leaks were repaired with repair clamps, but seven 
required cutting out sections of corroded pipe and installing new pipe. Surface restoration was 
necessary, and included paving repair (state highways as well as suburban streets and 
driveways), sidewalk repair, lawn restoration, and tree replacements. 
 
Estimates are provided for each break that occurred during the study period (see section 3.2). 
Estimates were based upon the estimated hours that the leak may have run and an estimate of the 
average water flow from the leak. Leak flow was observed at the time of repair and not at the 
start of the leak. But because most breaks appeared to surface quickly and were repaired 
relatively fast, the observed flow was used. Estimates of flow rate were based upon the 
experience of the staff in the field. For small breaks, flow rate was a function of the size of the 
leak opening in the pipe and the water pressure. Larger leaks are more difficult to estimate in the 
field and generally the impact on water use is employed to improve the estimate. In the last and 
largest leak, flow actually went through the customer meter.  
 
2.5 ENVIRONMENTAL DATA 
The most relevant environmental data was weather history, including daily temperatures and 
precipitation. Data was collected from Weather Underground’s website to look for unusual 
weather cycles and provide comparison with recent years. The observation for the study period 
was that the weather was colder than normal but precipitation was typical.  
 
2.6 ECONOMIC ANALYSIS 
An obvious cost-savings advantage of early leak detection is reduction of water loss with faster 
repair of hidden leaks. The traditional response is to wait for leaks to surface, a process that can 
take weeks or months. Some water utilities conduct conventional leak surveys in which utility 
personnel or consultants patrol the water system and listen on hydrants, valves, and curb stops to 
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detect active leaks. Surveys usually take place at one-year intervals or more. The reductions in 
leakage from surveys can be short-lived as hidden leaks can begin soon after the survey is 
conducted. In fact, there is evidence from prior leak studies conducted by American Water that a 
leaky system that has had hidden leaks repaired attains higher pressures and may spring new 
leaks shortly after repairs are made.4 If acoustic monitoring is successful and continually finds 
leaks that would otherwise remain hidden for an extended period, substantial savings can be 
realized. Based upon several American Water locations in Pennsylvania and New Jersey, where 
acoustic monitoring tracked leaks that had run for an extended time, it was determined that 90 
days is a reasonable estimate for leaks to run without surfacing. This is a general rule for water 
systems with a history of hidden leaks and it is understood the time that individual leaks come to 
the surface can vary from a few days to years. The 90 day estimate can be reduced by factors 
such as shallow buried pipe (found in warmer climates) and pipe not buried under impervious 
surfaces. The estimate can be increased by factors such as steep topography, porous soils, or 
other subsurface conditions like limestone or shale.  
 
Other savings to be considered include the potential of the leak repair to be more expensive if not 
addressed until it surfaced. Some leaks surface and create hazards (e.g., ice on the roads, 
flooding) and force worker overtime expenses, which are avoidable if leaks are found and 
repaired during normal work hours. A faster response time also tends to reduce damage caused 
by long-term underground leaks, eroding areas below ground and undermining the surface. 
Communication between the study researchers and Illinois American Water allowed for some of 
these costs to be evaluated in a few cases. 
 
As noted, a review of leaks was conducted from January 2011 through August 2014 to evaluate 
the types of breaks and the expenses incurred in making repairs and restoration. This allowed 
certain baselines to be set, including a review of repair times, approximated by the duration of 
shutoff times (an hour was added for mobilization to the site and restoration performed after 
water was restored).  
 
American Water identified potential cost savings for each leak detected by the acoustic 
monitoring system, based on the cost of repairing each leak. Immediate repair often involves 
working hours outside the 40-hour work week. From examining the repair events of prior years, 
it was established that three hours of overtime were incurred on average for all repair responses 
to breaks. Some leaks do not require immediate attention and can wait until the morning of the 
next work day, but others require an immediate response. For a cold climate area, winter leaks 
often fit the latter category. 
 
The cost savings from acoustic monitoring alerts that reduce the time of a leak running are 
further summarized in the remainder of this section. 
 
2.6.1 The Cost of Water Saved  
Since the 2005 installation of the first continuous acoustic monitoring systems, American Water 
has learned a great deal about patterns of non-surfacing leaks. While operating about a dozen 
                                                 
4 Hughes, 2010. Continuous Acoustic Monitoring: from Start to Repair, AWWA Research Foundation, Denver, CO. 
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monitoring systems, American Water allowed some leaks to flow for extended time periods 
without surfacing. During the first continuous acoustic monitoring study in Connellsville, 
Pennsylvania, (funded by the Water Research Foundation then known as the AWWA Research 
Foundation [AWWARF]), several leaks were allowed to run until they surfaced. Most ran for 
one to four months; one leak – located under a concrete state highway – ran without surfacing for 
a year. Based on these patterns, it was determined that the average small leak ran for 90 days 
before surfacing. The three-year AWWARF study also determined whether the sound pattern 
was indicative of the growth of the leak with time; many leaks showed slow change, indicating 
that an underground water pathway tended to remain a path of least resistance, leading to 
extended periods in which leaks do not surface.  
 
There are local differences that factor into the time it may take for a leak to surface: (1) the 
original Connellsville study area is in a river valley, while the study area in Illinois is flat; (2) the 
mains in Illinois are deeper and some run under the grass and sidewalk area, whereas most 
Connellsville pipes are about a foot shallower and located under roads. Additionally, loss 
depends on the type of leak. For example, catastrophic failure is assumed for longitudinal main 
leaks that result in high flow for a brief period of time when the leak surfaces. This leak type 
tends to represent a small proportion of water loss, however, confirming the importance of 
reducing the quantity from slow steady leaks. Of course there are exceptions to these 
generalizations. A major break in the Charleston, West Virginia, system identified Echologics 
monitors found a two million gallon per day leak that had been running into a storm sewer for an 
extended period.  
 
2.6.2 Possible Reduction in Restoration Materials Expense  
Long-running leaks typically erode subsurface materials, requiring replacement of unsupported 
surface materials (e.g., paving, sidewalk, etc.) and increased backfill. Restoration expenses for 
the past three years in the Waycinden system range from street and driveway paving restoration 
to restoration of sidewalks and landscaping in locations where the mains ran under unimproved 
areas. 
 
2.6.3 Possible Reduction in Repair Material Expense 
The materials required to repair mains can change as a pipe failure continues for a longer time. 
As illustrated in the Liberty, Pennsylvania, repair (Figure 1.4), a split at the pipe bell limited the 
repair to a small segment of the pipe instead of requiring replacement of the entire (20-foot) 
length. The City of Cleveland, Ohio, and other locations have reported that a simple joint leak in 
a cast iron main can lead to a bell fracture. 5 For many breaks, such as circumferential failures 
and most corrosion failures, an adjustment in the material requirements for repair is unlikely 
unless the pipe is severely undermined.  
 
                                                 
5 Margevicius, Alex, and Pierre Haddad. 2004. Catastrophic Failures of Cleveland’s Large Diameter Water Mains. 
Presented at the ASCE Pipelines Conference, August 5, 2002. American Society of Civil Engineers, Reston, 
Virginia. 
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2.6.4 Possible Reduction in Repair Labor 
There are two factors relating to costs of labor during pipe repair. First, a repair made early in the 
life of a leak will probably take less time to repair than one that has run for months and has 
caused substantial subsurface erosion. In addition to the costs of the laborers’ time, these leaks 
require more extensive repair materials, as noted above. For example, in the AWWARF study, 
the cost of paving and backfill materials were 30% higher with surfacing leaks (Hughes, 2010). 
These repair and restoration material costs provide an estimate of the related labor expense. 
Second, leaks found early while they are not surfacing can typically be repaired during a repair 
crew’s normal work hours, avoiding overtime. So, this calculation considers the virtual 
elimination of overtime.  
 
Aspects of repair labor in the Waycinden study was undertaken by examining the main break 
repair history in the system since 2011. It was noted that shutdowns averaged almost three hours 
during “overtime hours” (between 4 PM and 6 AM, weekends and holidays). The time recorded 
on most leak repairs considers when the water line is turned on and off, when customers are 
without water. However, this does not reflect the hours that employees are on site. Normally 
water flow continues once the crew arrives to allow for pinpointing the leak location through 
excavation. Water service is typically restored as soon as the repair has been made, well before 
the crew has restored the excavation and cleaned up the site. Therefore, it would be reasonable to 
add at least another 30 minutes for workers to arrive on the job site before and after the 
shutdown. There would also be an allowance of approximately 45 minutes each way for workers 
to travel to Waycinden from the main office of the Metro Chicago district (34 miles) or their 
homes that are presumably within the area. Consequently, the difference between 4 hours at the 
regular rate and 4 hours at a 1½ overtime rate (4 x (1.5-1) = 2 crew hour equivalent) must be 
added to each repair, whereas the Echologics advance warning is meant to substantially reduce 
overtime repair. 
 
2.6.5 Third Party Damage 
Costs due to damage claims should be accounted for, as well. It can be challenging for water 
utilities to collect this data, however, as it is frequently handled by different personnel and it can 
take some time for the damage to be assessed and awarded. Damage to infrastructure and private 
property would also be accounted for on a case by case basis. In the Waycinden system, there 
appeared to be damages associated with lost trees and driveway repair. 
 
2.6.6 Triple Bottom Line Costs 
A research project6 now underway for the Water Research Foundation is determining additional 
costs related to leaks that are not accounted for in third party property damage or direct costs to 
the utility. These include interruption of business, traffic disruption, and environmental impacts. 
While these costs are legitimate, their value can be somewhat speculative. No such events 
occurred during the Waycinden study period, but they would have been examined on a case by 
case basis. The Water Research Foundation is currently undertaking a project to examine such 
                                                 
6 Stratus Consulting, Utility Risk Management Methodologies for Buried Assets with Improved Triple Bottom Line 
Understanding of Pipe Failures, scope of work, Water research Foundation website, 
http://www.waterrf.org/ScopesOfWork/ScopeOfWork_4451.pdf 
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costs resulting from major main breaks. American Water is part of the project team and would 
have incorporated findings from that research, but that project has been delayed. Because many 
mains were off-road, traffic interruption appears to have been minimal.  
 
2.6.7 Cost of Implementation 
It is difficult to provide an exact cost for a product that is just hitting the market, but Echologics 
advises that a capital cost of about $1,000 per hydrant is a realistic estimate.  Utilities should be 
aware that if hydrants are not at the ends of pipe lines, that additional monitoring may be 
required to pinpoint the exact location of leaks.  The cost of the operating the installed system is 
more variable and depends on whether the utility wishes to perform the monitoring and leave 
system maintenance to the vendor, or allow the vendor to provide both monitoring of acoustic 
data and the system hardware.  The equipment is expected to last at least 10 years, with battery 
replacement every 5 years.  The range of annual operating cost is probably about $25 per node 
for a typical 1,000 node network that covers 10-12 square miles of buried infrastructure. The 
monitoring costs are reduced as the system scales upwards in size. 
 
2.7 THE ACOUSTIC MONITORING PROCESS 
The key element of the Echologics acoustic monitor is the preassembled smart node that is 
installed inside a standard steamer cap nozzle (Figure 2.6). Steamer caps are provided by 
Mueller, the parent company of Echologics, and are matched to the threading used by the local 
utility. The node includes an acoustic sensor, analysis software, network hardware 
(transmitter/mesh repeater), batteries, and an antenna. Unlike most other sensors, which are 
located in valve boxes underground, the Echologics node, being located in an above-ground 
location in the hydrant, provides a more stable and stronger radio signal.  
 
Echologics studied the GIS layout of pipe and hydrants in the study area to determine optimal 
placement for acoustic coverage and radio transmission. Ultimately, signals from the nodes are 
sent to a central data collection hub. Nodes collect data at a pre-determined time of day – usually 
at the minimum night flow period. At the hydrant location, the acoustic values are filtered over a 
range of frequencies to separate leak sound from extraneous noise. The data is then compared to 
the historic baseline acoustic signatures from the location.  
 
The acoustic monitors were placed on hydrants with the expectation that they could detect leak 
noise through approximately 1,000 feet of metallic pipe or 500 feet of plastic pipe. 
Consequently, about 40-80% percent of hydrants in a typical system are equipped with the 
acoustic unit to cover the distribution system. The percentage will vary by system depending on 
the density of hydrants, the pipe materials in use, and the distribution system layout. The acoustic 
monitor detects leak noise frequencies in the range of 1-4,000 Hz. The acoustic monitor is 
designed to provide data for five years and remain in one location. If batteries are replaced, the 
units are expected to last longer than the five years. FCC licensing of the mesh transmitter is not 
required. 
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When an acoustic anomaly between the new data and baseline is identified, the node sends a data 
file to the Echologics Analytical Module (EAM) located at Echologics office. This analytical 
module performs additional analyses. Once the anomaly is received, the EAM requests 
correlation data from adjacent nodes and automatically performs correlations in the immediate 
area in an effort to confirm a leak and target its location. The acoustic data review process is 
relatively straightforward. Every working day, new data is received and can be analyzed, 
compiling a list of probable leak suspects, known as points of interest or POI. When the leak is 
confirmed, Echologics notifies the customer. In this case, Echologics notified both the 
researchers and the Metro Chicago staff.  
 
The acoustic monitoring units attempt to pinpoint the location of a leak through correlation. In a 
many cases, two acoustic monitors might detect the same leak sound and provide general 
information, but it is the correlating feature that enables a more precise location. The correlation 
results are displayed within the software. Field investigations are necessary to confirm the 
precise location in need of repair. These investigations typically involved the use of portable leak 
noise correlators and ground microphones not necessarily produced by the same vendor.  
  
2.8 CUSTOMER METERING AND NON-REVENUE WATER 
Customers in Illinois American Water are typically metered with readings collected monthly 
using an AMR (automatic meter reading or drive by) system. The meters in this individual Metro 
Chicago system of 720 customers is effectively read in a matter of a few hours. This offers a 
Figure 2.6 Fire hydrant equipped with the acoustic monitor node.  
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second method to evaluate non-revenue water: comparing the total water consumption on 
customer meters to the monthly consumption on the supply meter for the system. Before AMR, 
the meter reading processes often took days, so the conventional method for measuring water 
loss used the previously mentioned 12 month rolling average. The AMR monthly analysis lacks 
some precision, as not every meter is read at precisely the same time. However, the few hours of 
timing error for readings over a 30-day billing period is small. This feedback, coupled with an 
estimate of leakage from night flow, provides information about the magnitude of other non-
revenue water (NRW), such as authorized water use from hydrants, meter accuracy, and theft of 
water. A comparison of the information from the 12 month rolling average as of June 30, 2015 
was made to that of the previous years. The results may help to confirm that NRW was reduced 
in the system over the previous year by a combination of Echologics devices and the rapid repair 
of quickly surfacing leaks.  
 
The acoustic monitoring installation was completed prior to the September 1, 2014, the deadline 
set by American Water for the project. Illinois American kept records of repairs, rate of flow, 
and the nature of the breaks during the study period. The system was also tracked by 12 month 
rolling averages of NRW and this was compared to the estimated quantities of the leaks in the 
study period.  
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CHAPTER 3: RESULTS  
 
3.1 THE DEPLOYMENT  
Coverage of the entire Waycinden system was provided by the prototype acoustic monitors by 
the end of August, 2014. This allowed for a week of gathering baseline acoustic information, 
concluded by the end of the first week in September. Figure 3.1 shows the distribution of nodes 
(blue dots) and repeating nodes (red dots) and the collectors (large green dots).  
 
Due to problems with the monitors, the prototype monitors were replaced by Echologics’ 
second-generation system in late January and early February 2015. In addition, a few loggers 
received duplicate numbers which prevented detection of two leaks, as described later in this 
section.  
 
 
 
 
Figure 3.1 Layout of Echologics monitors, repeaters and collectors. Nodes (blue dots) and 
repeating nodes (red dots) and the collectors (large green dots). 
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3.2 LEAK DETAILS 
This section describes leaks that occurred in the September 2014 - June 2015 study period. It 
should be noted that the reporting of leaks usually comes from customers in neighborhoods, 
drivers on the highway where water often appears, local public works departments, police, and 
utility workers. Leaks in winter are promptly reported as they are both common and hazardous. 
Water loss estimates are provided for each individual failure, along with possible savings if they 
could be identified. Repair data is not provided unless there was an identified clear savings.  
 
Ideally, working correlating CAM units are positioned close enough to detect leaks and perform 
correlation. In this beta test, there were problems with some of the units. In some cases, units 
other than the closest units were checked to determine when a leak started, but this was not 
always successful. The detection of leaks by units at greater distance is not exact; there is no 
magic distance at which leaks will be heard. It is a function of the type of leak, the type and size 
of pipe, and the distance from the leak.  
 
3.2.1 Leak 1 – Kincaid Court and Willson Drive 
No leaks were identified at the start of the field work during the first week of September, but 
shortly after the initial analysis, a point of interest was identified. It was pinpointed through 
acoustic monitoring on Saturday, September 12, 2014, and confirmed as a leak by Illinois 
American Water staff the following Monday. The leak did not predate the start of monitoring. 
The leak was located on a 6” cast iron main on Kincaid Court at the intersection with Willson 
Drive in Mount Prospect. There was an audible sound of water running into an underground 
storm manhole when it was opened, but the sound was not loud enough to be noticed by the 
casual passerby. The easy discharge to the drain system strongly suggested the potential for this 
leak to continue without surfacing for an extended time in the absence of the acoustic monitoring 
provided by this project. There was some potential for the leak to only be detected once it 
increased substantially in flow largely because of the absence of paving cover. 
 
The Kincaid Court leak location was approximated by the Echologics unit as 100 feet ± 25 feet 
from one of the sensors (Figure 3.2); the 50 foot location window allows for variation in 
correlation timing and for structural variations in the pipe. The leak was quickly found 82 feet 
from the hydrant/sensor (Figure 3.3); the 18-foot difference was within the expected range.  
 
The break was a three-inch longitudinal crack on the top of the six-inch cast iron pipe, flowing at 
an estimated rate of 25 gallons per minute (gpm) (Figure 3.4). Despite permeable grass cover, the 
leak did not surface, due to direct flow into the nearby storm sewer manhole. The clear path to 
the drainage system would likely prevent this leak from surfacing for months. A 25 gpm leak 
running just one day would total 36,000 gallons, and that is assuming that the leak did not grow 
larger before detection. There was an expectation that the leak might eventually grow larger and 
surface, potentially reaching 100 gpm. A longitudinal crack left unrepaired is likely to continue 
propagating and breaking open with a large water discharge. It was surprising to find that a leak 
of this size could occur off the road and still not surface.  
 
The leak continued to flow for twelve days without surfacing. The leak was allowed to run to 
help verify that the leak would not have surfaced even in a grass area. American Water’s 
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experience with non-surfacing leaks of this size suggests that as the leak slowly grows, the 
pathway to the sewer manhole would likely become more defined and could leave the leak 
undetected for weeks or months. It is possible that the sounds of the leak splashing into the 
manhole could have alerted the public to the problem, but this was not evident at the time of 
repair.  
 
 
 
 
Figure 3.2 Echologics software display of suspected area of interest for Kincaid Court leak. 
 
 
 
 
Figure 3.3 Location of hidden leak showing predicted location (blue) versus actual leak 
location (red). 
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3.2.2 Leak 2 – Linneman Road  
The leak on Linneman Road was reported the moment it started on Friday, October 31, 2014. 
The leak occurred when a shutoff valve was operated on a service line in the meter pit (Figure 
3.5). The leak continued overnight and was reduced by a plumbing adjustment on November 1 
and resolved on November 3. The Echologics alarm system did not respond to the leak because 
one of the two units that would have correlated the leak had a dead battery. A glitch in the 
prototype software caused the units’ batteries to run down prematurely. An investigation into 
what was heard by the Echologics system confirmed that the leak was detected by another 
nearby unit and would have been reported the night after the leak started, if the failed unit was 
operating. The leak ran for about 3 days at an estimated average flow of 4 gallons per minute 
(higher at the start of the leak), expending about 13,000 gallons. 
 
Echologics performed a high-sensitivity correlation with the working primary unit and a 
secondary unit more distant from the leak and confirmed that the system was able to find the leak 
through the local asbestos cement pipe. Figure 3.6 shows the location of the closest three units. 
The unit closest to the leak (WY00001) was the failed unit. Note that the closest working unit 
(WY00004) was more than 800 feet from the leak and the secondary correlating unit (WY00007) 
was more than 1,400 feet away. Leaks can be detected even from distant units such as these 
(Figure 3.7) if sensitive enough; however, too much sensitivity can lead to distracting data from 
multiple sources, including false positives. Had the failed unit been working, the leak would 
have been identified immediately. In any event, the time required to find this leak would not 
have changed the time required to repair it.   
 
Figure 3.4 Leak on a six inch pipe Kincaid Court. 
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Figure 3.5 Linneman Road leak in meter pit on shutoff valve.  
Figure 3.6 Acoustic monitors near Linneman Road leak. 
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3.2.3 Leak 3 – Malmo Drive  
The third leak was a customer service leak, which appeared to surface immediately through the 
customer shutoff curb box. Service leaks on both the utility and customer side of the pipe are 
common. This leak was on the customer side of the shutoff valve and, therefore, was their 
responsibility. In most, but not all, systems, the customer owns the pipe line on the property side 
of the shutoff valve and the utility owns the pipe from the water main to and including the 
shutoff valve. The leak raised an interesting monitoring issue for water utilities tracking 
customer service leaks. The leak appeared on November 20, 2014, and was flowing at a very 
modest rate (estimated at 1 gpm). The water flowed above ground along the gutter area to a 
storm drain. The Echologics system did not detect this small leak initially. It was thought to be 
below the threshold of detection because of the size of flow and its location off the main.  
 
When customer-side leaks are discovered, the utility notifies the customer (usually supported 
with a letter of notification) and allows the customer a set number of days to make the repair. 
The issue for the utility is how to verify the leak has been repaired; customers respond at 
different rates when the leak is upstream of the water meter. Often, a visit or two is required by 
the utility to verify that it has been repaired. Successful acoustic monitoring of customer service 
leaks such as this could save at least the cost of making the verification trip. In this case, 
monitoring suggested that the leak was repaired in a timely fashion, as the acoustics dropped to 
the normal noise level after 8 days, with a loss of about 12,000 gallons in that time.  
 
3.2.4 Leak 4 – 359 West Dempster Street 
On January 1, 2015, a surfacing water main break was reported in front of 359 West Dempster 
Street. The leak was a modest road hazard due to cold weather icing along the curb line of 
Dempster Street; the road was treated to remove ice for several days. The leak location was 
Figure 3.7 Correlation from more distant WY00004 and WY00007 acoustic monitors.  
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difficult to pinpoint due, in part, to the snow and ice. Echologics assisted in pinpointing the leak 
using manual correlation on-site. The six inch cast iron main was repaired on January 6. The leak 
ran for at least 5 days at an estimated average flow of 20 gallons per minute, wasting about 
144,000 gallons. 
 
The location of this small leak was between the two logger units, WHY091 (200 feet from leak) 
and WYH093 (675 feet from leak), but it did not trigger an alarm from the correlating CAM 
system. WHY091, the closest unit, was inactive due to a failed battery. The next nearest loggers, 
WYH089 (1650 feet) and WYH053 (950 feet) (see Figure 3.8), were too far away from the leak 
for the noise they received to correlate or result in an alarm.  
 
After repair, the Echologics team performed an acoustic investigation by inducing sound to 
verify that a properly operating unit would have heard the leak. This exercise is done by striking 
a valve near the leak with an impact hammer (Figure 3.9). Figure 3.10 displays the manual 
correlation responses of the replaced monitor (location 1, WYH091), as well as other units 
(location 3, WYH093 and location 5, WYH053)). According to these results, the sound source 
could be readily detected at the closest unit and one hydrant away from the source (location 3). 
Although the noise was barely noticeable at the units two hydrants away (location 3 and 5), it 
was concluded that, if the acoustic network was fully operational (WYH091 active), an alarm 
would have sounded and pinpointed the leak. It is not clear from the available data if the leak ran 
for any extended time prior to surfacing on January 1. Consequently, no economic value could 
be placed on this leak prior to surfacing. The leak – detected on a holiday – would not have been 
repaired any sooner than the following Monday. It would be unrealistic to assume a faster 
response time in this instance. The surfaced water caused road ice in the vicinity of the leak. Had 
the leak been detected earlier than January 1, the hazardous condition and the water loss could 
have been minimized, but this statement is hypothetical because it is not known if the leak 
started prior to the holiday. 
 
 
 
 
 
 Figure 3.8 Acoustic loggers near 359 Dempster Street leak. 
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Figure 3.9 Impact hammer and recorder to test for acoustic transmission. 
Figure 3.10 Responses at locations 1, 2, 3, and 5 from sound created at location 1 (diminishing 
sound with distance). 
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3.2.5 Leak 5 – 501 Carboy Road  
On January 27, 2015, water surfaced from a leak at 501 Carboy Road. The excavation, repair, 
and restoration team arrived on site at 8 PM on January 27. Water was then shut off at 9 PM to 
repair the water main break. Water was off for 3.5 hours, so overnight monitoring would not 
have captured the leak. The leak was estimated at 50 gallons per minute (gpm) and ran for about 
6 hours, losing about 18,000 gallons.  
  
The Echologics alarm system did not respond. Figure 3.11 shows the location of the closest three 
units. The unit closest to the leak was location 2 WYH118 (50 feet) and the two next closest 
monitors were WYH116 (550 feet) and WYH119 (600 feet). The proximity of three sensors that 
appeared to be working suggests the leak should have been detected. There were several possible 
causes of the Echologics system failure: (1) the close sensors may not have been properly 
connected with the pipe network, (2) insufficient energy (noise) was generated by the leak, (3) 
the leak was very short term, or (4) there was a sensor issue. Under normal circumstances, if the 
energy from a leak is strong, it can be detected by the neighboring unit even if the unit closest to 
the leak has failed. Echologics performed a high-sensitivity correlation with the working primary 
unit and a secondary unit more distant from the leak and confirmed the ability of the system to 
find the leak. 
 
The correlation responses to hammer blows at different locations are shown in Figure 3.12. 
According to these acoustic propagation results, the sound was detected one hydrant away from 
the source (response at Location 2). The sound dissipated noticeably at more distant locations 
(Locations 3 and 4), as expected. Even though the attenuation (noise dissipation) was significant, 
some minimal sound propagated through the pipes to the more distant hydrants. With a noise 
source at location 1 (hydrant WYH118), it was possible to clearly see the impacts on location 4. 
Because the leak could be found at a distance, the best theory is that the pipe break was a sudden 
surfacing leak. 
 
 
 
 
 
 Figure 3.11 Location of acoustic monitors near 501 Carboy leak. 
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3.2.6 Leak 6 – 1181 Stark Place 
The leak at Stark Place occurred on February 16, 2015. This was a circumferential break on a 
cast iron water main. The leak occurred not long after the prototype loggers had been replaced 
with the new second generation Echologics loggers due to the software/battery issue. 
Unfortunately, the logger closest to the leak location (WY127) was inactive due to the 
duplication of serial number with another device that was reporting in the system. The location 
of the leak was next to the driveway of a residential customer. If the leak, estimated at 150 
gallons per minute (gpm), began running after it surfaced, about 54,000 gallons were lost. If it 
started smaller, the leak might have run a few more days. However, this would be atypical for a 
circumferential break, especially over a driveway that would not tend to hide the leak. Figure 
3.13 shows the leak repair at Stark Place, and Figure 3.14 shows the layout of Echologics units in 
the area and the leak location. If the noise spectrum is strong from a main break like this one, an 
alarm would be triggered at the closest logger. The location of the leak occurred at the end of the 
network, so no acoustic unit was on the other side of the leak. The next closest units were 
WY122, WY112, and WY114. These distant loggers could not be counted upon to capture small 
changes that occurred due to this leak. A field spectrum investigation was conducted by 
Echologics to determine whether a fully functional system (with duplicate serial number loggers 
corrected and in active status) would have detected the leak. They found that the large leak with 
its strong leak energy spectrum could have triggered correlation with the next closest logger and 
would have confirmed the location of the leak.  
 
However, the point of interest (POI) would have been outside the area between the two nodes, 
also referred to as “out of bracket.” The 15 gpm leak was repaired on the same day it surfaced. 
The circumferential break is in a class of leaks that tend to surface rapidly. There is no reason to 
believe that a fully-functioning Echologics system would have shortened the duration of this 
particular leak. For leaks at the ends of systems, Echologics should consider adjustments to 
minimize out of bracket finds that are currently not being reported by the software. This could be 
Figure 3.12 Responses at locations 1, 2, 3, and 4 from sound created at location 1 (diminishing 
sound with distance). 
  
31 
 
in the form of an acoustic monitor attached at the end of the system (on a curb stop or buried on 
the pipe) or a software modification that would provide for alarms when leaks occur out of 
bracket.  
 
 
 
 
 
 
 
 
 
 
 Figure 3.14 Locations of acoustic monitors near 1181 Stark Place leak. 
Figure 3.13 Leak repair at 1181 Stark Place. 
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3.2.7 Leak 7 – 1101 Elmhurst Avenue 
The leak at Elmhurst Avenue was spotted on February 17, 2015. The leak appeared shortly after 
the installation of second generation Echologics units. The units close to the leak location, 
WY039 and WY040 (Figure 3.15), were still being commissioned at the time of the leak, which 
means that the alarm mode was not activated. To validate that the system would have found the 
leak, Echologics performed high sensitivity manual correlation on February 18 and was able to 
spot the exact leak location. The circumferential leak was repaired later in the day on February 
18. The leak occurred at about a 150 gpm rate for 18 hours, wasting 162,000 gallons. 
Circumferential breaks are generally categorized as sudden breaks, so it is likely the leak 
surfaced quickly with little advanced warning. Consequently, no theoretical economic benefit 
can be gleaned from detecting this break.. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.15 Acoustic monitors near 1101 Elmhurst leak. 
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3.2.8 Leak 8 – 183 West Walnut Street  
The leak near 183 West Walnut Street was reported on February 25, 2015, and was estimated to 
be a 100 gpm circumferential break. The leak occurred next to the customer’s driveway in a 
grassy area. The leak did not trigger the Echologics alarm system. At the time of the leak, the 
closest unit (WY107) (Figure 3.16) was inactive due to the duplication of serial number of the 
logger units. The subsequent field spectrum investigation by Echologics confirmed that the 
complete system (with duplicate serial number loggers corrected and in active status) would have 
detected that leak. But the Echologics system would have found a large leak another way; a 
strong leak energy spectrum could have triggered correlation between other working loggers 
(WY82 and WY102), had the leak run during an overnight period. The crew arrived at 3:00 PM 
on the day the leak surfaced, repaired the circumferential break, and restored service by 8:00 PM. 
It is estimated that the leak ran 16 hours and wasted 96,000 gallons. The combination of a 
circumferential break, fast repair, and absence of sound the previous night served to convince the 
researchers that the leak was sudden and could not have been detected sooner. 
 
 
 
 
 
 
 
 
Figure 3.16 Acoustic monitors near 183 West Walnut leak. 
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3.2.9 Leak 9 – 963 Leahy Circle 
The leak at 963 Leahy Circle was reported on March 1, 2015. This was a blowout leak on a 6” 
cast iron main adjacent to the customer’s driveway. The crew arrived on site at 11 PM, arrested 
the leaks using two clamps on the cast iron main, and discovered that a corroded section of pipe 
had to be removed. Service to 25 customers was interrupted for nearly three hours. The leak flow 
was estimated at 400 gallons per minute for 4 hours, losing 96,000 gallons. The loggers did not 
trigger leak alarms at this location, due to the short time window of the leak. The Echologics 
system reported 4 POIs the night before, but at different locations. The POIs were reported 
between the following pairs of nodes (Figure 3.17): 
• WY099 & WY102 
• WY099 & WY126  
• WY100 & WY102  
• WY126 &WY102 
 
Manual correlations were run between five nodes (WY99, WY100, WY102, WY126 and 
WY123). The results pointed to a potential leak near node WY123. This hydrant was used during 
the repair to flush the line clean. It is possible that the flushing or a minor leak in the hydrant 
might have triggered the alarm. The leak took place on a Sunday, and was repaired by early 
Monday morning.  
 
 
 
 
 
 
 
Figure 3.17 Acoustic monitors near 963 Leahy Circle leak. 
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3.2.10 Leak 10 – 724 Algonquin Road 
On March 6, 2015, an 80 gpm leak was reported on a 6” cast iron main at 724 Algonquin Road. 
After the water surfaced, the circumferential break was repaired and restored on the same day. 
Thirty residents were without water for four hours during the repair. The water loss was 
estimated at 14,500 gallons with a fast response within four hours.  
 
The Echologics monitors did not report this leak. Three loggers, WY046, WY047, and WY049 
(Figure 3.18), were in the vicinity of the leak; the closest logger (less than 100 feet away) was 
WY046. Due to technical issues, the loggers (WY046, WY047 and WY049) failed to upload the 
acoustic files to the Echologics main server. The files, containing resonance information 
collected from the pipe, were saved and later uploaded to the server. These files were 
subsequently analyzed and studied by Echologics to provide leak information based on the 
acoustic data collected by the different nodes. Echologics was unable to confirm the root 
problem in its system. A few files were retrieved, but they were insufficient to allow a firm 
conclusion. But, given the nature of the leak and information that could be gathered prior to the 
leak surfacing, it is likely that the leak surfaced immediately. 
 
 
 
 
 
 
 
 
Figure 3.18 Acoustic monitors near 998 Wilson Drive leak. 
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3.2.11 Leak 11 – South Malmo Drive and East Algonquin Road 
A leak was reported in a parking lot near the intersection of South Malmo Drive and East 
Algonquin Road on March 28, 2015. The repair work on a corrosion hole leak was completed the 
following day, which means the Echologics system had the opportunity to hear the leak. The leak 
ran for about 36 hours at a 15 gpm rate, with a loss of about 32,500 gallons. 
 
Hydrants WY31, WY33, and WY34 were the closest nodes to the site (Figure 3.19). Only WY33 
and WY34 held files from March 28. Unfortunately, without the file from WY31, it was 
impossible to obtain a better estimate of the location. The system did not trigger. Although there 
was a change in the noise spectrum for loggers WY31, WY33, and WY34, it was below the leak 
alarm threshold. It would appear the leak was simply too small for detection and it surfaced 
before it grew worse. Using manual correlations for investigation, the system showed a 
correlation between loggers WY33 and WY34. Despite the absence of data from WY31, a 
correlation confirmed the leak likely began on March 28.  
 
 
 
 
 
 
 
 
 
Figure 3.19 Leak surfacing 724 Algonguin Road. 
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3.2.12 Leak 12 – 998 Willson Drive 
A leak of less than 5 gpm surfaced on Willson Drive near Kinkaid Court on May 4, 2015, close 
to the site of leak 1 (see section 3.2.1). The main break at the service connection for 998 Willson 
Drive was fixed that same day as it surfaced. It is estimated the leak ran for 10 hours, losing 
about 3,000 gallons.  
 
The Echologics acoustic monitoring system did not detect the leak prior to the leak surfacing and 
being found. Echologics staff downloaded recordings from the surrounding nodes prior to the 
break to decipher whether the nodes heard the leak noise. There was no evidence of leak noise 
and the nodes were operating satisfactorily. Files from nodes WY00043, WY00059, WY00060, 
WY00062, WY00065, and WY00121 were downloaded and analyzed from May 1-5, 2015. 
None of the files showed any evidence of leaks, even a small one. Because a prior burst in the 
same area was detected earlier, most issues with possible equipment failure were ruled out. In 
this case, it is likely this leak surfaced rapidly. 
 
3.2.13 Leak 13 – 1650 South Linneman Road 
A sudden increase in water demand was noted in the Waycinden system beginning at 
approximately 11 PM on June 25, 2015. The issue continued through the early morning hours, 
until Illinois American Water staff asked Echologics to help find a suspected hidden leak. Before 
5:00 AM and before Echologics could respond, the surfacing leak was found. The source was a 
broken pipeline on the internal metered piping serving the United Airlines computer building. 
The leak wasted 700,000 gallons of water.  
 
Because the leak ran during the night, the Echologics system had opportunity to provide data 
about the acoustics of the leak, even though it was at some distance from the utility pipe 
network. Figure 3.20 shows the monitoring hydrants circled in orange. The hydrant near 
Linneman Road at the top of the map is the closest hydrant to the north (about 550 feet from the 
leak); the other acoustically-monitored hydrants in red at the upper right are in an apartment 
complex. Note the units in the apartment complex are actually farther from the leak because of 
the system layout. The closest hydrant to the south is on Linneman Road, 800 feet south of 
Dempster Avenue. Note also that there is no monitor on the western dead end of Dempster 
Avenue, 800 feet west of Linneman Road. This means the closest monitors on either side of the 
connection to the break were 1,350 feet apart, in addition to the distance along the service line of 
250 feet. The pipe in this area is also asbestos cement, which does not carry sound nearly as well 
as cast iron. It has been suggested for critical water users who rely heavily on water supply for 
operation and fire protection that permission be secured to add monitors on their private hydrants 
(in green). After this event, it is likely at least this one customer will be willing to participate in 
leakage control in the future. 
 
In Figure 3.20, the hydrant near Linneman Road at the top of the map is the closest hydrant to 
the north; the other acoustically-monitored hydrants in red at the upper right are in an apartment 
complex. 
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Figure 3.20 Acoustic monitors near 1650 South Linneman leak. 
 
 
 
3.3 LEAK SUMMARY 
Of the 13 leaks in the ten-month study period, only the first leak ran for any length of time before 
surfacing. Despite some irregularities in detection, Echologics documented that the remainder of 
leaks either came to the surface immediately or within a day or two of audible detection. While it 
was expected that half the leaks categorized as winter circumferential would surface quickly, it 
was not expected that the corrosion-related leaks would also surface quickly. 
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As anticipated, the influence of cold weather triggered new leaks in the Waycinden network in 
the winter months. The severe winter produced more leaks than expected: eight leaks (#4-11 
listed in Table 3.1). This was more than double the number of leaks for a typical winter. Most of 
the leaks surfaced without Echologics monitors transmitting a leak alarm. In five of the winter 
events and seven of the total leaks (shaded in gray in Table 3.1), the sudden occurrences of the 
bursts were confirmed by Echologics analysis.  
 
Unfortunately, technical issues interrupted the effectiveness of the acoustic monitoring. Issues 
included battery failure in first generation units, serial number duplicates in new loggers, and 
leaks occurring during the time of initialization of the new loggers, before they were “alarm 
ready.” Two leaks (in italics in Table 3.1) of the five sudden winter events were detected by the 
correlating CAM when they began though they had no impact on speeding up repairs.  
 
 
 
Table 3.1 Study period leak history. 
 
# Location Duration Echologics detected  
 
Days 
running 
   
1  
Kincaid Court and 
Willson Drive 
ran 12 days after detection by 
Echologics Echologics detected  12 
   
2  
1567 South 
Linneman Road leak identified immediately at site battery issue 2 
   
3  3001 Malmo Drive service line surfaced at curb box  too small  5 
   
4  359 Dempster St. ran 4 days holiday weekend period battery issue 4 
   
5  501 Carboy surfaced immediately, repaired same day good coverage <1 
   
6  1181 Stark Place surfaced immediately, repaired same day serial # duplication <1 
   
7  
1101 Elmhurst 
Avenue surfaced immediately, repaired same day no alarm in start up <1 
   
8  
183 West Walnut 
Avenue surfaced immediately, repaired same day serial # duplication <1 
   
9  963 Leahy Circle surfaced, repaired second day  Echologics detected  2 
   
10  724 Algonquin Road surfaced immediately, repaired same day missing files <1 
   
11  
Malmo Drive & 
Algonquin Road ran one overnight period but too small too small  2 
   
12  998 Willson Drive surfaced, repaired same day  good coverage <1 
   
13  
Property near 
Linneman Road 
south of Dempster 
Avenue  service line surfaced, repaired same day  poor coverage <1 
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Technical issues affected the detection of some leaks directly while other leaks were too small or 
out of range for the sensitivity of the equipment to be detected.  
 
Most NRW experts agree that the effectiveness of acoustic monitoring leakage control depends 
on the nature and the types of breaks in the specific water network7. It is the overall consensus 
that the majority of water lost through water pipes is attributed to smaller leaks that typically 
develop slowly and remain hidden from view, as opposed to the more dramatic water main bursts 
that lose a significant volume over a comparatively brief time. The main issue for any water 
utility system considering acoustic monitoring will be the amount of water that can be saved by 
early detection and rapid repair of both small and large leaks.  
 
American Water’s experience in many water systems supports the idea that small non-surfacing 
leaks offer the most opportunity for savings, since many, but not all, large breaks appear to occur 
suddenly. In the Waycinden study system, however, many of the leaks – large and small – 
surfaced within hours of their apparent start. 
 
Historically, the rapid surfacing of leaks in the Waycinden system may be attributed to the 
location of many mains in the system that are off road or along the road edge. Additional factors 
include the flat topography and poorly draining soils.  
 
3.4 COST SAVINGS ANALYSIS 
Cost savings for the project are mostly associated with the first leak on Kincaid Road, so this is 
discussed in detail here.  
 
3.4.1 Leak 1 – Possible Savings from Water Loss Reduction 
The first leak was a non-surfacing 25 gpm leak which ran for 12 days after initial detection but 
before it was confirmed as a leak. Had the leak run the normal estimate of 90 days for non-
surfacing leaks, it would have leaked 3.24 million gallons at the observed rate. At Illinois 
American Water’s 2014 purchase price of $5.342 per thousand gallons, this translates to a cost 
savings of $17,308 in water. This unit cost increased to $5.839 per thousand gallons in 2015. 
 
3.4.2 Leak 1 – Possible Reduction in Restoration Materials Expense  
Because the leak was in a grassy area, the cost of restoration materials was not significant. The 
direct flow into the manhole could have prevented damage to the road or sidewalk, but any 
additional cost here would be minimal.  
 
3.4.3 Leak 1 – Possible Reduction in Repair Materials Expense  
If the leak had not been detected for months, a substantial split in the pipe could have occurred, 
requiring an additional repair clamp and potential replacement of the full 20-foot length of pipe. 
These additional pipe materials could be conservatively estimated at $250. 
 
                                                 
7 Fantozzi, Marco et al, Some International Experience in Promoting the Recent Advances in Practical Leakage 
Management, Water Practice & Technology, Vol. 1, No. 2, IWA Publishing, 2006. 
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3.4.4 Leak 1 – Possible Reduction in Repair Labor and Equipment 
Because of the early detection before the leak surfaced, the repair was made during the work 
week and repair costs were minimal. A sudden break after months of non-detection may have 
required overtime, or 1.5 times the normal rate (about $150/hour for a 3-man crew). In addition, 
the more complex repair noted above would add an additional hour to the crew’s labor. This 
works out to the equivalent of 2.5 hours x $150/hour +1 hour x $100/hour (assume standard rate) 
for labor = $475.  
 
3.4.5 Leak 1 – Possible Third Party Damage and Triple Bottom Line Costs 
No damage was reported, though it is possible that the storm sewer manhole may have been 
damaged.  
 
3.4.6 Leak 1 – Total Savings  
The estimated total savings due to estimated water savings and potential additional costs were 
estimated at $18,250. This leak, as it turned out, was the most substantial and represented the 
majority of the savings during the study period. If a leak like this occurred annually, the cost 
savings would exceed the cost of the capital expenses over the five-year life of the equipment. It 
should be noted that the key to the large savings is the high cost of purchased water in the 
Waycinden area. If the cost of water was in a more typical range, the water savings might range 
between 5-15% of the $18,250 savings estimate. Such an adjustment clearly impacts the value of 
the leak and return on investment. 
 
3.4.7 Savings Associated With Other Leaks  
The cost savings realized from acoustic monitoring alerts depend upon identifying leaks that fail 
to surface for lengthy periods of time. While the researchers examined the history of prior leaks, 
they could not document the length of time that leaks stayed hidden until the acoustic monitors 
were set in place. Of the five leaks that did not surface on the same day they started, three leaks 
only stayed hidden for one day. The fourth surfaced on January 1, but a business decision was 
made to allow the modest leak to continue until the end of a long holiday weekend. It was of 
great interest to understand how common are high-flow, non-surfacing leaks (such as leak #1) in 
the system. Unfortunately, the ten-month study was too short to draw a definite conclusion. But 
if just one similar hidden event was detected annually, the acoustic system would likely be cost-
effective. Considering its expected 5-year life, however, the cost-effectiveness of the system 
would depend on the cost of water in a particular utility area. This pilot project was in a system 
which had a high cost of purchased water. Many systems have water supplies of their own that 
cost 5-15% of the rate paid by Illinois American Water in the Waycinden system.  
  
It was anticipated that there would be multiple hidden breaks during the study period which 
could be analyzed for economic impact, but this did not occur. Consequently, no further results 
on the cost of water saved, reduction in the nature of the repair, reduction in restoration expense, 
reduction of field labor, third party damage and third party costs (environmental, social, 
economic costs) are provided for the other leaks. The speed of the response to leaks by Illinois 
American Water staff was impressive. Most leaks were repaired the same day, even though the 
crew was not located in this system area. Response time was often minimized in the winter due 
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to concerns about ice on local roads and sidewalks, but the quick responses also saved money on 
water losses. 
 
3.5 MINIMUM NIGHT FLOW ANALYSIS 
The SCADA link was successful in providing pertinent information about flow within the 
Waycinden system on most nights (between 3 and 4 AM). Data collection started in August and 
was stabilized in September, but the 12-day leak in September prevented examination of 
minimum night flow until October because it was adding to the night flow. For most days, the 
only source of supply between 3 and 4 AM was the Waycinden tank (Figure 3.21). The typical 
night flow was about 115 gpm (6,900 gph). It is noted that the granularity of the tank level is 0.1 
feet, translating to 1,500 gallons. The margin of error (1,500 gallons per hour or 25 gpm) can be 
a significant portion of the hourly flow. The research team considered a more accurate reading 
approach using a more sensitive pressure data logger, but the use of night flow appeared 
sufficient with the use of existing equipment. There appeared to be a matchup with three leaks 
that ran overnight with the three highest peaks of night flow. 
 
 
 
 
 
 
 
 
The following can be concluded from the analysis of night flow:  
• The average night flow (stored and pumped) for the system from August through April, 
2015, was about 120 gpm (9,000 gph). Night flow during cold weather can be higher than 
Figure 3.21 Night flow for project period. 
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average, since some customers try to prevent lines from freezing by continuously running 
water through taps. Night flow can be higher in the summer due to nighttime irrigation. 
• Comparisons of the rate of flow of pumps with tank elevation changes showed an uneven 
transition, which is thought to be due to the calibration of the flow meters at the pumps. 
Consequently, the averages reported here reflect changes in tank elevation from selected 
days during each week. The researchers are also mindful that ice formation in the tank 
can cause skewed data. Ice at the top of the tank can either float on the water or become 
stuck along the walls of the tank, causing an irregularity in volume calculations. 
• Some leaks in February were captured by the night flow system, suggesting that leaks 
may have lasted for a longer period than expected.  
 
3.6 LEAK DATA COLLECTION 
Illinois American Water provided their detailed leak reports, which include a full description of 
most aspects of the repair, including photographs (though higher-quality photos can be taken 
when breaks occur in daytime). Appendix B includes a representative excerpt from a leak report. 
There were instances in which the estimated flow of the pipe was not provided, as the form lacks 
a distinct place to enter a flow estimate. Reports can also lack information on the type of leak, 
which requires some speculation and close examination of the pipe. It is important to keep in 
mind that field crews often work in the dark and the cold, as many breaks occur during the 
winter. Their primary goal is to make the repair and ensure that water is properly restored, while 
minimizing the time that customers are out of service.  
 
Often, the description of the repair materials will provide important clues to the pipe failure. For 
example, when two repair clamps and a section of PVC are listed under repair materials, this 
means a pipe section needed to be replaced. This is often required for issues with the connecting 
bell and spigot or, in the case of Waycinden, corrosion that has weakened an area of pipe to the 
extent that a piece of the pipe must be cut out and replaced. The fact that a saddle repair clamp 
was used to replace the connection at the main in Leak 10 suggests that the failure was either on 
the connection itself or on the water main that received the connection.  
 
Two of the pipe failures noted in the report clearly involved a customer-side service leak. As 
described in the first such leak (Leak 3), the acoustic monitoring system could have been used to 
confirm if the repair had been made, assuming it was acoustically detectable. In the case of the 
second massive leak, in which a large commercial customer had major piping (Leak 13), it might 
make sense for the customer to extend the leak detection system into larger customer properties 
especially if they have significant pipe onsite.  
 
The total volume of the unmetered leaks during the study period totalled roughly 1.3 million 
gallons. This is far less than the estimated 16 million gallons of nonrevenue water estimated to 
have occurred during the study period (based upon NRW figures provided by Illinois American 
Water). There are other sources of nonrevenue water besides main breaks. Major factors include 
authorized unmetered use such as hydrant operations for flushing mains, fighting fires and 
testing hydrants, apparent losses such as water theft, customer meter inaccuracy and billing 
errors, and unavoidable small leakage. Using AWWA water loss methodology, these factors may 
account collectively for about 7.3 million gallons, about half the water that has not been 
accounted for. The remainder may reside in some combination of error in flow measurement 
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delivery into the system, an underestimation of other forms of non-revenue water and continuous 
leaks that have not been detected from the start of the project through to the end. Further work 
will be necessary to determine where the differences lie. There is some suspicion with the 
corrosive soils that the contribution from small (inaudible) leaks is underestimated. The 
unaccounted water flow if it ran during the entire ten month period would approximate 65 
gallons per minute – well below the minimum night flow, per Figure 3.21.  
 
3.7 CORRELATING CAM INVESTIGATION DATA 
Very clearly, the Echologics prototype units did not perform as hoped. Battery failures prevented 
the timely confirmation of two rapidly-surfacing leaks. The manufacturer did respond promptly, 
first to replace the defective units and ultimately to equip the entire network with production-
level versions of the sensors. In the haste to make a changeover, more issues arose: two leaks 
went undetected because of duplicate serial numbers on the units, and another went undetected 
because the new unit was still standardizing background noise during its first week of activation. 
In all of these cases, Echologics responded by making field verifications that the remaining 
system detected the leak and also conducted sound checks to verify that if the leak had occurred, 
the noise would have been detected. And in all of these cases there is evidence to suggest that the 
leaks ran for a very short period of time.   
 
3.8 ENVIRONMENTAL DATA 
The most significant environmental factors were air and water temperatures. Water temperature 
is speculated to be a contributing cause to circumferential breaks as the cold water would put 
thermal forces of contraction on the pipe in contrast to the weight of the cover and the joints 
holding the pipe in place. The source of water is the Chicago water supply from Lake Michigan. 
It is difficult to project the magnitude of temperature changes into the Waycinden system from 
Lake Michigan owing to the cribs that Chicago uses to extract water at depth from Lake 
Michigan. Moreover, the water must travel an estimated 25 miles underground where water can 
be warmed and then exposed to the cold at elevated water tanks in systems along the way. There 
were an insufficient number of breaks to justify a study with water temperature for this project, 
so the focus was placed on air temperature.  
 
An examination was made of air temperatures from Mount Prospect. Figure 3.22 shows a plot of 
high, low, and median temperatures along with the time of breaks (vertical lines). As has been 
found in prior studies, leaks tend to occur at low and dropping temperatures. This phenomenon is 
not unknown to distribution operators. What is significant about data involving acoustic monitors 
is that the start of the leak (or at least when it becomes acoustically significant) is better known 
than in studies relating temperature to the surfacing leak. 
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Figure 3.22 Area air temperatures and breaks through the project period.  
  
 
 
3.9 METERING AND NRW 
An investigation into metering information was conducted using the recently enhanced American 
Water meter data management (MDM) system. It was thought that the system might provide 
monthly feedback with reliable monthly customer readings, and that that this could be compared 
to monthly production values instead of the more cumbersome 12 month rolling average. One 
fortunate development is that the readings occur on or around the end of the month or start of the 
next month, so the timing of monthly production and meter readings would be favorable. The 
readings from the meter route that is the Waycinden system showed 785 meters to be read. The 
MDM data from readings for the month of June were taken on July 1 and 2. The system data 
shows that all but 13 meters were read and usage totalled 17,012,000 gallons. But the actual data 
used by Illinois American staff for June totalled 13,812,000 gallons, which suggests that the 
route includes meters outside the system or that substantial adjustments were made in the data 
that American Water uses internally to assess NRW. The issue with the MDM data since 
production is also in the area of 14 million gallons for the month of June. Additional analysis 
outside of the scope of this project would be required to determine the issues. It is noted that the 
largest user of water in June was the location of the last leak that was metered (Leak 13).   
 
3.10 REPORTING 
The findings of these trials have been and will continue to be shared with other utilities through 
presentations. The first presentation was made on June 4, 2015, at T-Con 2015: The Midwest 
Water and Wastewater Technology Conference. For the broader utility audience, the project is 
expected to demonstrate a truly effective and reliable acoustic monitoring system capable of 
identifying leaks the moment they start. The potential of the system, complete with an economic 
assessment of its benefits, will be outlined in this report. The effectiveness of finding significant 
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leaks is verified through monitoring minimum night flow. If this approach proves fruitful, more 
utilities will be willing to engage in it.
 47 
CHAPTER 4: ANALYSIS AND DISCUSSION 
 
4.1 ACOUSTIC MONTORING SYSTEM 
As might be expected from a prototype system, there were issues that occurred during the 
project. While it appeared that the acoustic monitoring system was unable to detect many leak 
events, none of the prototype units had a negative effect on leak duration, because all of the 
relevant leaks surfaced immediately.  
 
Adjustment was the theme of the acoustic monitoring system. The layout of the acoustic 
monitoring equipment was modified from the proposed layout to include a second data collector, 
at the Mount Prospect tank at the eastern end of the system, to complement the Linneman 
standpipe collector. Scheduling the installation of the antenna on the top of the Linneman Road 
tank was delayed by weather (thunderstorms in August), but the work was still completed on 
time. Two repeaters were also added to convey data from the hydrant sensors to the collectors. 
The additional cost of equipment was borne by Echologics and the cost of installation by Illinois 
American Water.  
 
There were 79 loggers installed in the system – one more than originally estimated – to obtain 
full coverage. Two loggers were found to be not functioning correctly at start-up. These were 
immediately replaced by American Water and returned to Echologics for evaluation; production 
flaws or battery issues were suspected. Spare units were provided; therefore, there was no loss of 
coverage when the monitoring process began. 
 
The first confirmed battery failure at the Linneman Street leak raised the first major concern 
about the equipment. Analysis of the failure suggested that a flaw in the program software might 
force the sensor to perform analysis and send transmissions unnecessarily, thereby exhausting 
the battery. At one point, 11 sensors lost battery power and were replaced after a few weeks. 
Echologics eventually decided to replace all units with their upgraded version, which was 
available at the end of 2014, to minimize the battery issue. Echologics learned from the technical 
failure of loggers; the timing of the unit change-outs was unfortunate but necessary. However, it 
did take some time to secure the new units, in part because a large order for the American Water 
system in Charleston, West Virginia, had priority.  
 
There was a report on December 1, 2014, of damage to the face of the hydrant cap at 311 Kings 
Lane, Des Plaines (Figure 4.1). A lawn care company may have struck the hydrant with a weed 
whacker and taken off the face of the hydrant cap. Despite the surface damage, the unit 
continued to function. The cap was replaced as part of the change out in January, 2015. 
 
Echologics experienced one more functional issue in their startup manufacturing process of the 
new units. An internal clerical error generated several units with duplicate serial numbers, which 
prevented transmissions from one of the duplicate units Illinois American Water received. Again, 
the locations of the problematic units overlapped with leak locations. To their credit, Echologics 
responded proactively by performing a thorough analysis of functional loggers and performing a 
local field analysis to verify that units were functioning when sudden leaks occurred.  
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The utility learned that installation of the acoustic monitors (prototype or second generation) 
does not mean that the system will instantly report leaks through the Echologics software. The 
system requires about one week to establish a background noise baseline before it can detect 
leaks and alert the utility. During wholesale replacements in January, the changeover prevented 
an alarm for a leak in one location.  
 
Despite the equipment issues, there was very little impact on receiving early leak alerts and on 
the economic payback. The vast majority of the leaks during the report period surfaced 
immediately and provided no opportunity for the Echologics system to report leaks before the 
Chicago Metro crew was aware of a surfacing break. Echologics responded in the field to verify 
that a leak would have been detected if the units were functioning normally by simulating sound 
and confirming normal response.  
 
For each leak reported, Echologics provided a write up on the coverage, issues with nearby units, 
and conclusions about the ability of the units to find the leak in advance. Many of the reports 
documented field visits made by Echologics to confirm that leak noise would transmit in cases 
where the units were unresponsive. Most of these descriptions are found within the description of 
each break in Chapter 3.  
 
Of course, there is some evidence that the system did not hear every small leak and the last 
significant leak (Leak 13) was out of range because of hydrant coverage. In that instance the 
private hydrants of the customer were not considered as a resource and in hindsight should have 
been. There are limitations with hearing small leaks on service line possibly owing to the change 
to a much smaller pipe where sound can be easily absorbed by the size transition. There were 
some concerns about the correlating CAM system found in other pilot locations in Uniontown 
and Liberty, Pennsylvania. In the Liberty pilot, the use of correlation was stymied by the lack of 
Figure 4.1 Damage on hydrant cap. 
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hydrants at dead ends with reduced pipe sizes. It is possible for a leak to be “out of bracket” from 
monitors. Leaks outside the boundaries of hydrants cannot be correlated.  
 
4.2 SCADA 
The SCADA information about night flow provided a useful check against having undetected 
chronic leaks develop in the system. Calibration of the Waycinden pump units was not necessary 
given the frequent late night flow behavior where pumps were typically off and tank storage was 
the only source of water. It would be possible to further calibrate and refine the process but leaks 
less than 10 gpm would have been difficult to identify using the SCADA. This method has 
proven effective at other sites (like Liberty, PA). In other locations, American Water has found 
insertion flow meters to be effective, but such units cost about $5,000. 
 
4.3 LEAKS REPORTED 
There was good communication between Echologics and Illinois American Water whenever 
either party had a suspected leak to report. There was confusion only on one event because the 
Waycinden system encompasses two towns – Mount Prospect and Des Plaines – and identical 
street addresses of east-west streets could be found in both towns. The zip codes and municipal 
boundaries of the area do not match. 
 
4.4 ENVIRONMENTAL DATA AND THE NATURE OF PIPE FAILURES 
One of the factors in the surfacing of breaks in the Waycinden system is the location of many 
mains off the road in sidewalk or grassy areas of the right-of-way. This factor likely enhances the 
chance that a leak will surface. Water mains are deep in the Chicago area in order to be under the 
frost line but the location away from paved areas negates this effect. 
 
The number of leaks in Waycinden (13) in ten months was above the yearly average for the prior 
three years. Temperature was a thought to be a reason for more failures than previous periods. 
Figure 4.2 shows a comparison of daily low temperatures through the September to June 2015 
window for 2011 - 2015. It seems that 2013-2014 appears to have been colder than the study 
period in 2014-2015, but both periods were decidedly cooler than 2011-2013. The cold extended 
into February and March, when leaks continued to occur. As a consequence, the additional 
breaks tended to be circumferential breaks, the leak type associated with cold weather stresses.  
 
The number of corrosion-related breaks was as expected, but the biggest surprise of the research 
was how rapidly all types of leaks surfaced. The majority of the breaks occurred on cast iron 
pipes, as expected. The two customer service leaks occurred on copper and asbestos cement pipe, 
respectively. For the most part, even the circumferential breaks were modest in size. 
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Figure 4.2 Daily temperatures over four years. 
 
 
 
4.5 ECONOMIC ANALYSIS 
The economic analysis was essentially centered on the very first leak. None of the other leaks 
would have been addressed any faster with a fully operational acoustic monitoring system in 
place. The repair crews were extremely responsive. With the exception of one leak that occurred 
over a holiday weekend, leaks were repaired within a day and sometimes within hours of being 
reported. The first leak occurred in an unimproved (grass) area, so other elements involving 
repair and restoration costs were minimal. But, largely owing to the high cost of water in the 
Waycinden system, the cost of the first leak (25 gpm, which could have run for 90 days) could 
account for more than 20% of the investment in this equipment. This is especially significant, 
given that the system is expected to last for at least 5 years (10 years with a battery replacement). 
Thus, this first leak would justify the investment in the acoustic monitors. One additional benefit 
realized in the study was the ability to monitor customer leaks to make sure the customer makes 
timely repairs without having to leave the office.  
 
So the question then becomes what will the future of leaks be in Waycinden? Will most future 
leaks come to the surface quickly, making the first leak an anomaly? Given the high cost of 
water, the deployment of a correlating CAM system in Waycinden appears to be the correct one. 
But for other systems with a low cost of water, this may not be the prudent choice. Anecdotal 
information about the nature of leaks in a system can help to qualify the potential of hidden 
leaks. In the case of Waycinden, the amount of leakage seen in the ten-month period does not 
match the typical NRW amounts, suggesting that long running leaks could occur in the future. 
 
The last leak, on the 12” service main of a customer (Leak 13), added another dimension to the 
potential of the acoustic monitoring system. This major leak was very large and was beginning to 
consume as much water as the system can generate. The risk of literally running out of water 
while looking for a subsurface leak is a distribution system operator’s nightmare. The acoustic 
monitor vendor has been encouraged to develop a method to scour the entire system for a 
possible major leak. This opportunity did not occur with this last leak, as it surfaced quickly and 
would not have worked with sensors out of range. But the potential to provide some insurance 
against such an occurrence has immense value. 
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CHAPTER 5: CONCLUSIONS 
 
The acoustic monitoring of the Waycinden system was a successful effort in advancing an 
improved innovative approach to leak detection. The performance of the units over ten months 
provided sufficient results to justify the expense of the equipment, including installation, staff 
time, and maintenance of the system. Units originally provided were not satisfactory, but about 
85% of the prototype units continued to function until they were replaced with a final product. 
Pilot efforts like this one do test the effectiveness of the monitors and the limitations of an 
acoustic system that relies on two units to detect and pinpoint leaks.  
 
In this pilot, most leaks surfaced soon after they started. There was only one leak during the 
study period that failed to surface after a few days. Moreover, that leak could have gone 
undetected for a lengthy period of time. An otherwise undetected leak like this, running for an 
estimated duration of 90 days, would have cost a great deal of money. It is estimated that 
prevention of even one such leak per year could account for more than 20% of the cost of the 
correlating CAM system. Based on weather trends and aging infrastructure in the Waycinden 
system, a leak such as this will probably occur at least once per year in the future. Moreover, it 
became apparent from the last burst of a private water main that this small utility system is 
vulnerable to a major leak and, therefore, having this tool available will provide additional value.  
 
The research must be considered a case study, as the Waycinden system has some atypical 
features for a water distribution system. The very high cost of water makes it far easier to justify 
the capital cost of monitoring equipment. As noted in the data, some of the pipe failures involved 
corrosion holes, which have the potential to leak steady quantities without surfacing for extended 
periods. While this pipe corrosion is not unusual in many systems in Illinois, it is not found 
everywhere. Other utilities considering this equipment will need to weigh the amount of leakage 
they have, the cost of water, and the magnitude of hidden leaks. The issue of non-surfacing leaks 
is the most significant in Waycinden. Though the ISTC project has concluded, monitoring will 
continue in the system and additional information will be forthcoming. What is most telling is 
that Metro Chicago will be installing the monitors in another leaky system in 2016.  
 
Utilities considering acoustic monitoring should analyze the potential for long-running hidden 
leaks. The question is, how can this be done without installing the equipment? The analysis 
should examine field evidence from previous leaks; for example, a large sinkhole or other 
evidence suggesting water has flowed for a long time underground. Historical NRW data or 
night flow data can also be analyzed. For example, after the repair of a leak, does the NRW/night 
flow drop significantly from sustained higher levels? Waycinden loses about 10 to 20 million 
gallons to leakage annually. The calculated losses of the 13 leaks in the ten month study 
accounted for very little of the computed NRW. This suggests to the researchers that small 
undetected (inaudible) corrosion leaks may be occurring and it is only a matter of time before the 
leaks become audible to the acoustic monitoring system. Again, time will tell if these types of 
leaks will surface quickly when audible, or remain hidden. Finally, the use of a leak survey with 
correlation is another way to see if a system is a candidate for permanent acoustic monitors.  
 
It is a challenge to predict how long a leak will go undetected. The topography, soils geology, 
proximity of drainage infrastructure, pipe depth, surface condition, pipe condition, and types of 
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leaks all play a role in leak duration. In most cases, the experience of the system operators and 
repair crews can help predict the viability of the acoustic monitoring approach.  
 
In light of the small number of non-surfacing leaks, the researchers travelled to the West Virginia 
American Water offices in Charleston, West Virginia, to check on the results of the first large-
scale deployment of the Echologics equipment for comparison. That system uses the same 
technology that is now in place in Waycinden. It was put into operation in late February, 2015, 
with 386 sensors put in place. In the first four months of activity, the system detected 45 leaks 
that had been previously unreported and 40 that were repaired before they surfaced. The NRW 
water loss was reduced by 2 million gallons per day (mgd), and that does not include a leak 
found on a transmission main that added another 2 mgd in reduced NRW. Appendix C shows the 
types of leaks that were identified in Charleston. Correlating CAM installations are now being 
undertaken across American Water in Pennsylvania, Illinois, and California.  
 
The use of night flow is useful to gauge the success of the correlating CAM system. For a small 
system like Waycinden, changes in water flow data or night flow help to suggest when to be 
vigilant. For larger systems, subdividing the system using the district-metered area approach of 
looking at patterns of nighttime water demand can support the correlating CAM system. An 
effort to utilize the meter data management (MDM) system for Waycinden to calculate water 
usage for NRW calculations was unsuccessful.  
 
Evidence of significant elevated nighttime flow can suggest that the coverage of the CAM 
system is insufficient, as was the case with the last leak. Placement of another monitor on a 
private hydrant would have remedied that issue. That particular leak suggests the prime issue in 
Waycinden for the correlating CAM system was the coverage of units, dictated by hydrant 
placement. The spacing of hydrants can be unsatisfactory, especially at ends of the system where 
the hydrant spacing may not be adequate to perform correlation or register sufficiently in the 
analytics. Unmonitored space has been identified in other systems at dead ends that lack 
hydrants. American Water has communicated to the vendor the need to have a correlating CAM 
unit that can be connected to the pipe network using locations other than hydrants. Barring those 
changes, the utility can strategically add hydrants if that could improve coverage significantly.  
 
While the issue of false reports of leaks was not evident in this study, this project did not provide 
significant testing of noise detection through changing pipe materials. Many leaks are not 
detected because leak noise does not travel well through some of the materials, or through repair 
clamps and couplings. For systems like Waycinden that employ PVC pipe for some corrosion 
repairs, this may be a significant issue. Pipe segments that already have sections removed for 
repair are likely to have future issues, so this concern needs further evaluation.  
 
The acoustic identification of the start of only a dozen leaks provided little opportunity to look 
for possible leak triggers. A brief look at air temperature showed what has been seen in prior 
studies: colder air temperatures correlate with increases in leaks. In prior work, there was 
evidence that cooler water temperatures contributes to stress on the pipe that could cause a 
deteriorating pipe to fail (Hughes, 2010). However, a full investigation was dismissed, given the 
small water temperature variability from a distant deep lake source that travels many miles 
underground, coupled with the small sample of leaks generated. 
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SCADA and other NRW measuring tools were used to assess night flows and confirm the 
presence of leaks, providing an overall picture of the effectiveness of the leak detection system. 
Ironically, when the large leak occurred in the last week of the study, the system’s inability to 
maintain the tank level was the most telling and concerning form of alert. Small systems need to 
consider their vulnerability to such circumstances and weigh the effectiveness of the acoustic 
monitoring system to detect them. But this study and other small systems that have tested the 
developing Echologics acoustic monitoring system have determined that the evaluation of night 
flow is a valuable companion to the process. 
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CHAPTER 6: RECOMMENDATIONS 
 
The major issue for analyzing the effectiveness of water leakage management tools is time. The 
study period for this research project was ten months; the number of leaks occurring within a 
short period often fails to be representative of the longer term. Fortunately, the cold winter in this 
case likely add to the number of breaks. However, the cold weather likely contributed to more 
serious circumferential breaks that are likely to surface quickly. A review of the history of leaks 
and the types of leaks bears this out. A logical recommendation to make as a result of this pilot 
project is to extend the study period to capture a more realistic long-term view of the economic 
benefit of deployment. The original acoustic monitoring project ran three years and appeared 
adequate. 
 
At the core of this project is the effectiveness of the correlating CAM technology. Despite some 
issues with the detection units (resulting in replacement of the entire network), the system 
appears to be viable. This fact was borne out in monitoring of other American Water systems. An 
ongoing issue even in these other systems is the inability to correlate a dead end that has no 
hydrant. The manufacturer needs to develop a work-around for this issue. It should be noted that 
the Waycinden system had very few locations of this type. 
 
Another issue is that the Echologics monitoring system does not easily locate leaks in non-
metallic pipes. The distance between hydrants is generally sufficient for leak noise to travel 
through metallic pipe, but may be too far to correlate leaks on plastic and cement pipes that do 
not carry sound as far. The vendor will be encouraged to develop alternative tools to help close 
this gap for utilities. 
 
Utilities face a decision of whether to deploy acoustic monitoring. There do appear to be more 
expensive monitoring systems that perform far better than original CAM systems, providing 
fewer false signals and a greater ability to locate leaks. Reducing leakage remains an economic 
decision. Deploying a $100,000 system with a five-year life only that reduces net system costs 
by $5,000 per year is not prudent. It is therefore recommended that utilities be fully informed of 
the following: (1) Know the true cost of the acoustic monitoring system to be installed, including 
initial costs and annual costs to maintain the system. (2) Take steps to reasonably quantify the 
amount of water leakage that could be reduced. This requires an understanding of the nature of 
breaks occurring in the system and other elements that determine whether a leak can run unseen 
for extended periods. Consider a leak survey using correlation to evaluate the significance of 
audible hidden leaks. (3) Apply this report outline of potential costs savings to see if a business 
case can be built. It appears that vendors are willing to run pilots, and targeting leaky portions of 
a utility service area may be the best approach to take. 
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GLOSSARY 
 
Advanced metering infrastructure (AMI) – A method of reading water meters using a 
transmission system that sends data through individual meter transmitters via radio or 
cellular means to the vendor or utility facility. Today’s AMI generally generates 24 
hourly reads per day for input into the meter data management system  
Automatic meter reading (AMR) – A method of meter reading designed to be able to pick up 
reads by passing by in a vehicle. Since the AMR transmitter does not know when the 
receiving collector will pass by, AMR transmitters tend to send out a signal at regular 
intervals 
Continuous acoustic monitoring (CAM) – The process of using noise monitoring sensors to 
listen at the quietest time of day to capture and report leak noise on a daily basis 
Correlation – the use of two or more acoustic sensors typically placed in contact with the pipe 
network on either side of a suspected leak point. The two sensors on instruction from the 
correlating intelligence unit simultaneously track noise travelling along the pipe and then 
triangulate the distance between the noise heard as a function of the distance between 
sensors  
District metered area (also called demand management areas or DMAs)  
Non-revenue water (NRW) – the difference between water that is supplied into a system less the 
amount that is billed 
Out of bracket – when a leak is not between the placement of the correlating sensors but to one 
direction or another of both sensors 
Point of interest (POI) – potential suspected leak  
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APPENDIX A: DATA FROM LEAK INVESTIGATIONS 
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Table A-1 Leak history during monitoring. 
 
 
 
 
  
60 
 
Table A-2 Pre-monitoring leak history. 
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Table A-2 Pre-Monitoring Leak History (Continued). 
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APPENDIX B: SAMPLE LEAK REPORT DATA 
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Figure B.1 Sample photos taken by staff at locations of leaks. 
  
70 
 
 
Figure B.1 Sample photos taken by staff at locations of leaks (continued). 
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Figure B.1 Sample photos taken by staff at locations of leaks (continued). 
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APPENDIX C: SUMMARY OF BREAKS FOUND BY CORRELATING 
CAM IN CHARLESTON WEST VIRGINIA INSTALLATION FEBRUARY 
– MAY 2015 
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Table C.1 Leaks Found by Correlating CAM, Charleston, WV. 
 
 
